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From Lilliput to Brobdingnag= 
Via Research 


Gulliver, with considerable aplomb, blithely traveled 
through the never-never land of giants as tall as 
church steeples and through the land of the little 
people, six inches tall. In these strange lands he 
unwittingly, but consistently, came a cropper. 


As boiler makers, we too are confronted with 
strange lands. Boiler pressures have reached the 
supercritical, that area of pressures above 3,200 
pounds per sq. inch where water and steam lose some 
of the behavior patterns we have known so well. 
Steam temperatures have increased, pressing the 
metallurgist to provide better materials to contain 
them. And all the while, boiler capacities have jumped 
by leaps and bounds. In short, the quest for greater 
efficiency has necessitated the development of boilers 
of Brobdingnagian proportions. 


Currently Combustion is designing a boiler which 
will set new world records for steam pressure and 
temperature — 5,000 pounds per square inch and 
1200°F. Its predicted performance indicates that it 
will be the most efficient boiler ever built. In coop- 
eration with the Philadelphia Electric Company, in 
whose Eddystone Station this 16-story high boiler 
will be installed, we have designed and built a 
Lilliputian version of this unit at our Chattanooga 
plant. Thus, unlike Gulliver, who wandered into the 
land of the giants without knowing what difficulties 
might confront him, we have turned the light of 
research on the road ahead. By duplicating the condi- 
tions of pressure and temperature, and by using the 
same metals and the same pure water that will be 
used at Eddystone, the test unit enables C-E engi- 
neers to study virtually all phases of the design of 
the multi-million dollar boiler, before it is built. 


There are many roads from Lilliput to Brobding- 
nag. The only sure one is the route of research. The 
ills that befell Gulliver are funny—only in a fable. 
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Consult an engineering firm 


Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substan- 
tial savings not only in efficiency but in fuel economy over the years. 


facts you should know about coal 


in most industrial areas, bituminous coal is the lowest-cost fuel 
available. ¢ Up-to-date coal burning equipment can give you 
10% to 40% more steam per dollar. * Autornatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use. * No smoke or dust 
problems when coal is burned with modern equipment ¢ Be- 
tween America’s vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 
and its price remaining stable. 


Bucyrus-Erie cuts 


steam costs 10% 
burning coal 


the modern way 


Bucyrus-Erie Company, South Milwaukee, Wis., had 
a steam generation problem. Not only was original 
equipment deteriorating but capacity proved inade- 
quate for expanding plant facilities. Working with 
consultants Gates, Weiss and Kramer, of Milwaukee, 
the company decided to modernize its power system. 

Today the power plant at Bucyrus-Erie is almost 
completely automatic and utilizes the newest coal- 
burning and handling equipment. In addition to 
increasing steam generating capacity 85%, this 
modernization program has lowered annual steam 
production costs 10% and labor costs 35%. Burn- 
ing coal the modern way has increased steam 
quality, improving production processes and 
heating throughout the plant. 


For additional case histories on burning coal the 
modern way or for technical advisory service, write 
to the address below. 


BITUMINOUS COAL INSTITUTE 
Southern Building « Washington 5, D C. 





Plant adds $440,000 operating credit when 


Dowell cleans “problem” superheater —chemically ! 








Here's how a modern plant overcame a serious 
and potentially costly maintenance problem. 
Scale deposits were causing tube tailures in 
the superheater of a 
boiler. To 


replace them would require 14 days of unsched- 


175,000 pound-per-hour 
clean the tubes mechanically and 


uled outage time. In dollars and cents this 
meant $40,000 per day of lost throughput for 


the company. 


To complicate the problem further, the 


superheater was a non-drainable type. 
Dowell engineers, using their wide experience 
in the chemical cleaning of various types of 


equipment, developed a special cleaning tech- 


Dow ell 


all the pumping and control equip- 


nique for this type of superheater. 
provided 
ment, trained personnel and chemicals to do 
the job, and restored the unit to top operating 


efficiency in 3% days. 


Whether 


simple 


your cleaning problem involves 


units—or complex pieces of special 
equipment, Dowell has the facilities and expe- 
rience to solve it. Versatile Dowell Service has 
proved itself in many industries—for example: 


chemical, construction, paper, petroleum, steel. 


Find out today how Dowell chemical clean- 
ing can help your plant to greater profits. Call 
the Dowell office nearest you. Or write Dowell 
Incorporated, Tulsa 1, Oklahoma. 


have Dowell clean it chemically 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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One “Euc” Twin-Power Scraper 





Outproduces 3 big crawlers and pans 


TS-24 reclaims 26 tons 


A Canadian power plant depends on a Model 
TS-24 Euclid for the bulk of its coal stockpiling 
and reclaiming. With coal consumption running 
160 tons per hour, the plant maintains a stock- 
pile of 750,000 to 1 million tons for emergencies 
and the December through March period when 
coal is not received. During the receiving months, 
the Euclid “Twin”, supplemented by 3 crawler- 
drawn scrapers, supplies the 450-ton hopper 
and builds the stockpile. 


Time studies taken by the plant's efficiency 
engineer showed the side-boarded “Euc” was 
moving 310 tons per hour on a 2700’ cycle from 
unloading area to storage pile and back. Pay- 
loads averaged 22 tons by scale weight. By 
comparison, three crawlers and pans moved a 


every 2'/2 minutes 


total of only 300 tons per hour with loads of 
about 17 tons per trip on the same haul. 


On the reclaiming operation, the “Euc”” made 
a 1250’ haul from stockpile to hopper and return 
in 22 minutes with payloads of almost 27 tons. 


In addition to the high production of the big 
“Twin”, its compaction and self-loading ability, 
one-man operation, versatility and ease of main- 
tenance make this “Euc’’ Scraper an efficient 
machine for coal handling work. 


Ask your Euclid dealer for a production and 
cost estimate on your stockpiling operation... . 
you'll find that low-cost production is the big 
reason why Euclids are your best investment. 


EUCLID DIVISION GENERAL MOTORS CORPORATION, Cleveland 17, Ohio 


IEWGIIG! Bquipmene 


AND ORE 


FOR MOVING EARTH, 


ROCK, 


COAL 





ALABAMA 
POWER COMPANY 
Birmingham, Alabama 


CINCINNATI GAS 
& ELECTRIC COMPANY 
Cincinnati, Ohio 


FLORIDA 
POWER CORPORATION 
St. Petersburg, Florida 


PUBLIC SERVICE COMPANY 
OF NEW HAMPSHIRE 
Manchester, New Hampshire 


SAN DIEGO GAS 
& ELECTRIC COMPANY 
San Diego, California 


TEXAS POWER 
& LIGHT COMPANY 
Dallas, Texas 





lue chip pump... 


ARIZONA 
PUBLIC SERVICE COMPANY 
Phoenix, Arizona 


COLUMBUS & SOUTHERN 
OHIO ELECTRIC COMPANY 
Columbus, Ohio 


KANSAS GAS 
& ELECTRIC COMPANY 
Wichita, Kansas 


PUBLIC SERVICE COMPANY 
OF NEW MEXICO 
Albuquerque, New Mexico 


SOUTHERN CALIFORNIA 
EDISON COMPANY 
Los Angeles, California 


TUCSON GAS, ELECTRIC 
LIGHT & POWER COMPANY 
Tucson, Arizona 


ATLANTIC CITY 
ELECTRIC COMPANY 
Atlantic City, New Jersey 


COMMONWEALTH EDISON 
COMPANY 
Chicago, Illinois 


LONG ISLAND 
LIGHTING COMPANY 
Long Island, New York 


PUBLIC SERVICE COMPANY 
OF OKLAHOMA 
Tulsa, Oklahoma 


SOUTHWESTERN GAS 
& ELECTRIC COMPANY 
Shreveport, Louisiana 


UNITED ILLUMINATING 
COMPANY 
New Haven, Connecticut 


CALIFORNIA ELECTRIC 
POWER COMPANY 
Riverside, California 


CONNECTICUT LIGHT 
& POWER COMPANY 
Berlin, Connecticut 


INSIRS Lg | 
POWER COMPANY 
Gulfport, Mississippi 


. 


ROCKLAND LIGHT . 
& POWER COMPANY. 
Nyack, New York 


TEXAS ELECTRIC 
SERVICE COMPANY 
Ft. Worth, Texas 


UTAH POWER 
& LIGHT COMPANY 
Salt Lake City, Utah 
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CENTRAL ILLINOIS CENTRAL POWER 


PUBLIC SERVICE COMPANY & LIGHT COMPANY 
Springfield, Illinois Corpus Christi, Texas 


CAROLINA POWER CENTRAL ILLINOIS 
& LIGHT COMPANY ELECTRIC & GAS COMPANY 
Raleigh, North Carolina Rockford, Illinois 


CONSUMERS POWER DALLAS POWER & DELAWARE POWER EL PASO 
& LIGHT COMPANY ELECTRIC COMPANY 


COMPANY LIGHT COMPANY 
El Paso, Texas 


Dallas, Texas Delaware City, Delaware 


Jackson, Michigan 


OKLAHOMA GAS PENNSYLVANIA 
& ELECTRIC COMPANY ELECTRIC COMPANY 
Oklahoma City, Oklahoma Johnstown, Pennsylvania 


NIAGARA MOHAWK OHIO 
POWER CORPORATION EDISON COMPANY 
Syracuse, New York Akron, Ohio 


PACIFIC Boiler Feed Pumps 





Write For Bulletin 122 
PACIFIC PUMPS INC. 
HUNTINGTON PARK, CALIFORNIA 


Offices in all principal cities 
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American Blower Air-Handling Equipment 


Proved efficiency 
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American Blower Induced-Draft Fans offer high and welded; fan rotors carefully balanced; all parts are 


static efficiency at low rpm. Like all American Blower minutely inspected for dimensional accuracy. They 
mechanical-draft equipment, they are accurately formed require a minimum space and minimum maintenance. 





Dust-laden air or 
gas enters inlet ple- 
num; gravity and centri- 
fugal action force dust 


downward, adjacent to 
tube wall; dust is skim- 
med into gas-tight re- 
ceptacle; cleaned air or 
gas moves upward 
through outlet tubes to 
outlet plenum. 


Series 342 Precipitator is casy to install and very effective in Wy 


controlling fly ash. The over-all performance of each tube is 


comparable to the high efficiency of a small-diameter cyclone. 
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American Blower 
Mechanical Draft Fans 


To meet the peak efficiency demanded of 
mechanical-draft equipment today, you'll be 
better off if you select spacesaving and 
efhicient American Blower Mechanical Draft 
Fans. 

Combining modern manufacturing meth- 
ods with perpetual research and develop- 
ment, American Blower produces complete 
fan equipment for all types of mechanical 
draft. These induced-draft or forced-draft 
fans will fit your exact specifications with 
minimum maintenance and minimum boiler 
“outage.” 

If you are investigating mechanical-draft 
equipment—for new or existing installa- 
tions—you’ll do well to check on American 
Blower’s line of Mechanical Draft Fans with 
guaranteed performance ratings. We wel- 
come the opportunity of quoting on your 
requirements. 


... maximum performance! 


Forced Draft Fans for quiet indoor or outdoor installations. Heavy, 
reinforced housings and wheel-shaft assembly mean longer life, while 
special streamline inlets give utmost efficiency. 


American Blower Precipitators 


For maximum collection efficiency, choose the best— 
a dependable American Blower Precipitator! 

Your fly ash problems can be met by installing a 
Series 342 Fly Ash Precipitator which offers good 
efficiency over the normal operating range, while 
it gives reliable, trouble-free performance. 

American Blower’s line of Fly Ash Precipitators 
and Dust Collectors has gained wide acceptance in 


leading public utilities and industrial plants. 

For complete information on American Blower 
Dust Collectors and Precipitators as well as other 
air handling products, call our nearest branch, or 
write direct. American Blower Division of American- 
Standard, Detroit 32, Michigan. In Canada: 
Canadian Sirocco products, Windsor, Ont. 


AMERICAN BLOWER 


Division of Amertcan-Standard 


QUALITY PROTECTS YOUR INVESTMENT... Amenican-Standard QUALITY 1S AVAILABLE AT NO EXTRA COST 
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1. Barrel type 
boiler feed pumps 


2. Centrifugal compressors 
4 


3. Centrifugal pumps 
for many services 


4. De Laval IMO pumps for 
fuel oil transfer 


5. De Laval IMO pumps for 


fuel oil burner service 


6. Vulti-stage turbine 
generators 




















DE LAVAL sie 


designs that stay in service 
for year in and year out 
dependability are the most economical. 

Since 1901, 
De Laval has supplied 
quality-designed pumps, 
compressors, and other 
vital equipment for the 
power industry. 
Each unit is designed 
for dependability and 
built by master craftsmen. 
As a result, the De Laval 
name plate is your 
assurance of reliability. 
Literature is available 
on all equipment 


shown on these pages. 


DE LAVAL 


886 Nottingham Way, Trenton 2, New Jersey 





Uniformity of Republic ELECTRUNITE® Boiler Tubes 


INCREASES ERECTION AND OPERATING EFFICIENCY 


of Modern Steam Generating Equipment 


More power per dollar demands top efficiency in 
steam-generating-equipment design, erection, and 
operation, Materials used must meet these require- 
ments and deliver long, trouble-free service as well. 
Republic ELECTRUNITE Boiler Tubes fulfill all con- 
ditions with flying colors. 

The Riley “RX” Steam Generating Unit with 
Pressurized Furnace, at right, provides an excellent 
example. Designed and erected by the Riley Stoker 
Corporation, Worcester, Massachusetts, for the 
Phillips Petroleum Company Refinery at Sweeny, 
Texas, this unit develops 325,000 pounds of steam 
per hour at 500 psi. and 610° F. A total of 49,785 
feet of Republic ELECTRUNITE Boiler Tube was 
used. Its uniformity made a significant contribution 
to construction economy, and assures long-term 
operating dependability. 

Uniform quality throughout each tube is based on 
Republic’s complete manufacturing control. The 


ELECTRUNITE welding process produces accurate 
size, concentricity, and wall thickness. Material- 
control, from ore to finished tubing, builds uniform 
strength and ductility into every length. Result is a 
fully predictable boiler tube that facilitates time- 
saving prefabrication techniques, easy “rolling-in”’ 
characteristics, and fast field assembly—and pro- 
vides maximum service life. 

Republic ELECTRUNITE Boiler Tubes are hydro- 
statically or electronically tested to meet applicable 
ASTM specifications, the ASME Boiler and Pressure 
Vessel Code, and local, state, and boiler-insurance 
requirements. It is approved on an equal basis with 
tubes made by any other process, up to 850° F, and 
available for pressures over 2000 psi. in a variety 
of sizes and wall thicknesses. 

For complete information on ELECTRUNITE 
Boiler, Condenser, and Heat Exchanger Tubes, con- 
tact your local Republic representative. For illus- 
trated literature, mail coupon. 


SPECIFY FARROWTEST® —the most conclusive, non- 
destructive tubing test in use today. Developed 
by Republic, FARROWTEST uses electronic detec- 
tor coils to spot hidden irregularities in tube walls 
that would escape routine test procedures. 


UNIFORM DUCTILITY AND CONCENTRICITY plus pre- 
cise diameter assures easy installation of Republic 
ELECTRUNITE Boiler Tubes in drums. They slide in 
readily, roller-expand evenly, and bead over to 
form tight, weeper-free joints. 


PREFABRICATION OF BOILER TUBE ASSEMBLIES was 
employed by Riley to speed erection of steam 
generator shown in diagram. Predictable char- 
acteristics of ELECTRUNITE simplified this operation, 
assuring easy bending to precise contours. 


REPUBLIC 


tie) World Widest Range off Standard. Stools 


STEEL 
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HEADER 

and efficiently raised into position by crane used 
for building construction. Beyond savings in time, 
this technique mokes top quality of completed 
unit easier to achieve. 


STEEL 


ant Steck Produc 
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FINAL STAGES OF ERECTION include a careful in- 
spection. Republic ELECTRUNITE Boiler Tubes pro- 
vide maximum reliability throughout every length. 
There are no hidden thin spots to threaten service 
life or cause uneven heat transfer. 


bee ie ee aa « = _ . » 
JACKET INSTALLED, Riley Steam Generator is vir- 
tually complete. Republic offers a handy guide 
outlining proper protection of boiler installations. 
Send coupon for wall chart entitled "Core and 
Maintenance of Boiler Tubing”, today. 


REPUBLIC STEEL CORPORATION 


DEPT. C-3954R 


3172 EAST 45th STREET, CLEVELAND 27, OHIO 


Please send: 


Tubes 


O Illustrated booklet giving facts on ELECTRUNITE Boiler 


0 8-page brochure on ELECTRUNITE Heat Exchanger Tubing 
0 carbon steel i 
0 Handy wall chart on care and maintenance of boiler tubes 


0 stainless steel 


0 FARROWTEST brochure 


Name 


Title 





Company 





Address 





Zone State 








Four more utilities place 


CONTROLLED 


REPEAT ORDERS 


Repeat orders, always the most conclusive indication of user 
satisfaction, reveal the remarkable acceptance of the C-E Con- 
trolled Circulation Boiler. Here are the facts: A// the companies 
listed below have placed repeat orders. They represent 65 per 
cent of all purchasers. Two of the companies have placed seven 
contracts each and three others, four contracts. The list as a 
whole averages better than three contracts per company. 


Boston Edison Company 
Central Hudson Gas & Electric Company 
Cincinnati Gas & Electric Company 
Cleveland Electric Illuminating Company 
Commonwealth Edison Company 
Consumers Power Company 
Detroit Edison Company 
Duke Power Company 
Houston Lighting & Power Company 
illinois Power Company 
Kansai Electric Power Company 
Kansas City Power & Light Company 
Kansas Power & Light Company 
Niagara Mohawk Power Corporation 
Northern Indiana Public Service Company 
Pennsylvania Electric Company 
Philadelphia Electric Company 
Potomac Electric Power Company 
Rochester Gas & Electric Corporation 
South Carolina Electric & Gas Company 
Tennessee Valley Authority 
Virginia Electric & Power Company 
Wisconsin Electric Power Company 
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their FIRST ORDERS for 


CIRCULATION BOILERS 


Five years ago, the Virginia Electric & Power Company initiated a major new trend 
when it placed in service a C-E Controlled Circulation Boiler. 

The rapidity with which this trend has developed is evidenced by the 

fact that orders for C-E Controlled Circulation Boilers now total 111] units 


having an aggregate capacity of more than 


19,300,000 kw 


Recently, the following utility companies have placed their first orders: 





Kw Capacity 
Station per unit 





Central Illinois Public Service Co. Meredosia 200,000 
Consolidated Edison Co. of New York Astoria 340,000 
Florida Power & Light Co. Port Everglades 240,000 


Pennsylvania Power & Light Co. (new station) 330,000 











The repeat order list opposite reveals the nationwide acceptance of the 

C-E Controlled Circulation Boiler. The rapidly growing preference for this boiler is 
the result of its outstanding performance record, particularly with respect 

to high availability, and the widespread recognition of its special suitability 

for high pressures. This preference is particularly notable in the 

2400-lb pressure range where the C-E Controlled Circulation Boiler leads the field by a 


wide margin with 36 units installed or on order for a total capacity of 6,600,000 kw. 


COMBUSTION ENGINEERING 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N.Y. 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; 
PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 
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Penelec insures against leakage 
with first all ‘‘canned’”’ pump installation! 


The Seward Station (295,000 KW), largest 
in the Pennsylvania Electric Company Sys- 
tem, supplies electric power to over 1,380,000 
people in 38% of the state’s area. The new 
125,000 KW addition is unique because it is 
the first to use “‘canned”’ motor-pumps ex- 
clusively on a controlled circulation boiler- 

Westinghouse ‘‘canned’’ motor-pumps 
were selected by PENELEC, Gilbert Asso- 
ciates, Inc., architect-engineers of the Seward 
Station, and Combustion Engineering, Inc., 
manufacturers of the controlled circulation 
boiler. The zero leakage design of the pumps 
in high pressure applications was the decid- 


ing factor in their selection. They have a 
capacity of 5,540 gpm. 

Westinghouse ‘‘canned’’ motor-pumps 
are available in a range from 5 to 20,000 gpm, 
up to 10,000 psi ambient system pressure, 
and temperatures to 680°F. Motor ratings 
range from 4 to 2000 hp. Corrosion resist- 
ant, these pumps have been proven through 
thousands of hours of actual operation. 

For additional benefits which these pumps 
offer you, contact your Westinghouse sales 
engineer, or write, Westinghouse Electric 
Corporation, Atomic Equipment Depart- 
ment, Cheswick, Pennsylvania. J-57017 


You CAN BE SURE...1F ITS 


Westinghouse 
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Cut the special-valve cost 
of high pressure service 
with standard Edward High Pressure Valves! 





is High pressure and high cost do not necessarily go hand- 

Si -_— —— | in-hand as far as valves are concerned. Buyers all over the 

\ik-= Jee country have found that many features standard with 

- +t Edward are expensive “extras” for other valve manufac- 

turers. For example, standard Edward high pressure globe 

and angle stop valves in the larger sizes have these features 
at no extra cost: 


—= A. 


* EVALTHRUST BALL-BEARING YOKE 
for easy operation 


* INTERNAL STREAMLINING 
for minimum flow resistance 


* IMPACTOR HANDWHEEL 
for tight shut-off under extreme pressure 


* GUIDED STELLITED DISK 
eliminates vibration in throttling 


a INTEGRAL STELLITE SEAT 
for wear-resistant sealing 


* IMPROVED EDWARD PRESSURE-SEAL 
for leakproof bonnet joint 


ae TIGHT BACKSEAT 
for repacking under pressure 











Room temperature ratings for standard Edward valves range 
up to 6000 lb; high temperature ratings go to 2500 lb at 1050 F. 
For corrosion resistance or for extremely high temperatures, 
appropriate materials can be supplied. For more details on 
high pressure Edward valves (as well as other Rockwell-Built 
Edward valves), write for the Edward Condensed Catalog. 





Edward Valves, inc. & 


ROCKWELL MANUFACTURING COMPANY © 


EDWARD UNIVALVES Ideal high pressure-tem- 1206 WEST 145TH STREET 
perature small valves for services up to 2500 Ib 
at 1050 F, 6000 Ib at 100 F. EAST CHICAGO, INDIANA 
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Bailey Meters and Controls for Combustion, Feed Water, Steam Temperature 


and Condensate at Moores Park Station, City of Lansing, Michigan. 


How Bailey makes steam 
operating duties a pleasure— 


ment, combustion. and automatic control are your 


Fingertip Controls, convenient indicators and trend 
recorders make steam control room operating duties 
a pleasure. You get this bonus for your operators when 
you specify Bailey Meters and Controls. 

Bailey is the choice of virtually all the most efficient 
plants on the Federal Power Commission’s heat rate 


report. Here’s why: 


1. A Complete Line of Equipment 

You can be sure a Bailey Engineer will offer the right 
combination of equipment to fit your needs. 

Bailey manufactures a complete line of standard, com- 
patible pneumatic and electric metering and control 
equipment that has proved itself. Thousands of suc- 


cessful installations involving problems in measure- 


assurance of the best possible system. 


2. Experience 

Bailey Engineers have been making steam plants work 
more efficiently for more than forty years. Veteran en- 
gineer and young engineer alike, the men who represent 
Bailey, are storehouses of knowledge on measurement 
and control. They are up-to-the-minute on the latest 
developments that can be applied to your problem. 


3. Sales and Service Convenient to You 
There’s a Bailey District Office or Resident Engineer 
close to you. Check your phone book for expert engi- 


neering counsel on your steam plant control problems. 
Al33-1 


instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD ° 


CLEVELAND 10, OHIO 


in Canada — Bailey Meter Company Limited, Montreal 
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I-R BOILER FEED PUMPS 


now serving ALL THREE Generating Units at 


MUSTANG STATION 


of Oklahoma Gas & Electric Co. 


At its Mustang Station, Oklahoma Gas & Electric 
Company looks to Ingersoll-Rand boiler-feed pumps 
for the dependable, efficient supply of feedwater to 
all three of the station’s generating units. 

Pictured above are three of the four 1100-gpm, 
1250-psi discharge units which serve 50-MW Units 
No. 1 and No 2. The new 100-MW Unit No. 3, put 
into operation in 1955, is served by another pair of 
Ingersoll-Rand boiler-feed pumps, each designed for 
1770-gpm, 1900-psi discharge. While each generating 
unit is served by two pumps, each pump is capable of 





handling full unit load. 

All six boiler-feed pumps are of proven Ingersoll- 
Rand heavy-duty, double-case design, featuring “unit- 
type” rotor construction to facilitate inspection and 
servicing. 

Ingersoll-Rand boiler-feed pumps are the Power In- 
dustry’s first choice where efficient performance and 
maximum dependability are prime considerations. 
They are available for all capacities and pressures, for 
any central station or industrial application. Your 
local I-R engineer can give you full details. 


BROADWAY, NEW YORK 4, N.Y. 


Ingersoll-Rand. 


COMPRESSORS « GAS & DIESEL ENGINES * PUMPS « AIR & ELECTRIC TOOLS - CONDENSERS - VACUUM EQUIPMENT + ROCK DRILLS 
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it’s saved many weeks, even months of engineering and 
executive time for scores of power companies! Basically, 
the idea is to shift as much of the work load as possible 
from the customer to C.H. Wheeler. By working this 
way, long conferences are replaced by short phone calls, 
and lengthy customer-prepared engineering specifications 
are supplanted by thumbnail performance sheets. 


Discover C.H. Wheeler’s time-saving way to buy steam 


Before you place your next order... 


iar ~ 


Since Wheeler specializes in designing and building con- 
densing equipment, its Engineering Department is set 
up to take this bare minimum of data from the customer, 
and work up a comprehensive proposal from it alone. 
Here you see several department heads of C. H. Wheeler 
discussing engineering design prior to preparing a pro- 
posal for a C. H. Wheeler client. 


condensers 





beetehie testes 


Other C. H. Wheeler power plant equipment includes steel-shell 


*“Tubejet”’ 


Air Ejectors (left) as installed at eastern plant*, Circulators 


right) which in the same plant deliver 86,500 gpm water, and Condensate 


We often save clients up to 4 months’ time by 
sending Wheeler engineers to work ‘“‘on the 
board”’ at clients’ offices, instead of mailing 
drawings for approval. Above is a typical in- 
stallation—a 105,000 sq. ft. Dual Bank Divided 
Water Box Unit, installed at a New York 
station.* It condenses 950,000 lbs. steam/hr 


19TH & LEHIGH AVENUE 


*Names of these 


C. H. Wheeler Mfg. Co. 


Pumps. See your representative or write for details on the time-saving 
way to buy Dual Bank Surface Condensers and other power equipment. 


i other power stations equipped by C.H. Wheeler supplied on request. 


Philadelphia 32, Pennsylvania 


Steam Condensers + Vacuum Equipment + Centrifugal, Axial and Mixed Flow Pumps + Marine Auxiliary Machinery + Nuclear Products 
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You get ‘a triple advantage with the 
Yarway COLOR-PORT boiler water 
level gage for pressures to 3000 psi. 


Two-color readings are brilliant and 
clear. Water shows green; steam 
shows red. A full gage is all green 
and an empty gage all red. 


Low maintenance with individual 
cover-glass assemblies, each held 
solidly in place by four socket head 
cap screws. “Floating assembly” 
design applies safe, predetermined 
loads on glass ports, reducing 
thermal shocks, permitting faster 
warm-up. 

Increased availability means longer 
service iife. Cover glass assemblies 
can be serviced in place, easily and 
quickly. 


Yarway Bulletin WG-1814 describes 
the Color-Port Gage. Write for it. 


YARNALL-WARING COMPANY 
100 Mermaid Avenue 

Philadelphia 18, Pa. 

Branch Offices in Principal Cities 


+ @ good way to Aperify 
ZN COLOR-PORT | (i pease vatn gages 
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FOR COAL BUNKER NOSES, 


CHUTES, HOPPERS, SPREADERS THAT MATCH 


THE LIFE OF YOUR BOILER... 


Take a comptroller’s-eye view of Lukens Clad Steel 


@ He'll see savings... and so will you! In 
coal handling equipment, Lukens clad steel 
puts a virtual stop to costly coal hang-ups 
and to damage from sulfuric acid in wet 
coal. Its durability is proved by installa- 
tions more than 10 years old which show 
no measurable wear... ample evidence 
that it will match the life of your boiler. 
Further savings accumulate from its 
ready fabrication, easy modification, and 
through freedom from down time and 
maintenance. The Lukens clad 
steel is not a lining, not a soldered-on sur- 


reasons: 


face, but a solid plate—one side corrosion 
resistant stainless steel permanently 
joined in a metallurgical bond to a rugged 
backing steel. 

Lukens will help you and your fabrica- 
tor select the proper types and gages to fit 
your needs. Bulletin 740 will give you per- 
formance facts and production informa- 
tion. For this bulletin, as well as the names 
of experienced coal handling equipment 
builders, write Manager, Marketing Serv- 
ice, 940 Lukens Building, Lukens Steel 
Company, Coatesville, Pennsylvania. 


LUKENS 


Helping industry choose steels that fit the job 
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PATTERN OF COAL-HANDLING EFFICIENCY 


You know the job is done right from the ground up when you maintain coal storage piles with 
an Allis-Chalmers HD-21. This 204-hp tractor has the power to move big loads efficiently and 
it just naturally builds a storage pile as it should be built. 


Repeated trips over the coal pile spread and compact coal in horizontal layers, eliminate 
flues and voids . . . prevent spontaneous combustion. Torque converter drive enables the HD-21 
to ease into big loads without track spinning . . . to work at its most productive speed without 
time-outs for shifting. 


Standard dozer blade easily rolls as much as ten tons at a pass. Special coal-handling 
blade takes full advantage of the machine’s ability . . . moves 15 tons at a time. Ask your 
Allis-Chalmers construction machinery dealer to show you this efficient machine in action. 
Allis-Chalmers, Construction Machinery Division, Milwaukee 1, Wisconsin. 


ALLIS-“CHALMERS RC ae ee eT 





It’s Vulcan Selective- 











PHILADELPHIA ELECTRIC COMPANY, EDDYSTONE STATION, UNIT 1 
Capacity — 2,000,000 Ib/hr at 5000 psig and 1200/1050/1050/F. 


C-E Sulzer Monotube Steam Generator 


Section shown is of the high-pressure reheat furnace 
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Sequence 
for Eddystone 
Station 


Philadelphia Electric’s new super-critical 
steam generators at Eddystone Station will 
be equipped with Vulcan Selective-Sequence 
soot blowing systems. Included in the systems 
for Units 1 and 2 are Vulcan T-30 long re- 
tractables with 30- and 37-foot travels, half- 
’tracts with 19-foot travel from 18-foot per- 
manent extension into the furnace. RW-3E 
wall deslaggers and air-preheater cleaner 
controls will also be used. 

Selective-sequence control was chosen be- 
cause it provides positive soot blower opera- 
tion at proper intervals in precisely the 
sequence necessary for effective cleaning. The 
entire blowing cycle will be supervised from 
a compact, completely pre-wired panel. 

Modern Vulcan soot blowing systems, with 
either automatic-sequential or selective- 
sequence control, can help keep your boilers 
operating at peak efficiency. Your Copes- 
Vulcan representative has the ideas, infor- 
mation and experience to help you choose 
the system best suited to your needs. 


COPES-VULCAN DIVISION 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA 
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Vulcan RW-3E wall deslagger has dual-motor electric 
drive. One motor extends and retracts the lance, the 
other rotates the nozzle. Action is rapid and positive. 


Rifle precision, with up 
to four complete cycles 
for each soot blower in 
any pre-selected se- 
quence, is controlled 
from this completely 
pre-wired, factory- 
assembled SSC-120 
Vulcan Selective- 
Sequence Controller. 
Long retractables and 
wall deslaggers can be 
inter-mixed in the se- 
quences. 60-station 
Model SSC-60 also 
available, 


Bulletin 1030 illustrates 
and describes the Vul- 
can T-30 long retract- 
able soot blower as se- 
lected for Eddystone 
Units 1 and 2. Your 
Copes-Vuican repre- 
sentative can give you 
@ copy, or write direct 
to the factory. 





Allis- eer tes Meet Power Plant Requirements 


l 


New Pumps Give Milwaukee County Institutions 


.-- Dependable Power Service 


beeen modern multi-stage high pressure 

pumps assure continuous, economical steam 
for the Allis-Chalmers 3000-kw steam turbine 
units at the Milwaukee County Institutions. 

As new members of the Allis-Chalmers com- 
plete line of pumps, these units are designed to 
meet medium-high pressure, continuous serv- 
ice requirements of boiler feed duty in lower 
volume ratings. 


You get MORE than a Pump... 
When You Specify Allis-Chalmers 


You can take advantage of Allis-Chalmers wide 
experience in supplying pumps to all industries. 
You are assured of modern design, heavy duty 
construction and correct application aid — all 
adding up to years of dependable service. 


ALLIS-CHALMERS 
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Horizontally split casing with suction and 
discharge in lower half provide for simplified 
maintenance—without disturbing piping. Both 
radial and axial balance maintains close clear- 
ances and fits, gives low thrust bearing loads. 
Bearings are double-row ball bearings or alter- 
nate sleeve bearing with Kingsbury thrust. 
Sleeve and Kingsbury combinations have ring 
oiling as well as pressure lubrication. 


Allis-Chalmers is the only company that can 
offer you “One-Source” responsibility, with a 
complete unit — pump, motor and control — 
all built to work together. For “MORE” in- 
formation about Allis-Chalmers pumps, call 
your local A-C office, or write Allis-Chalmers, 


General Products Division, 


Milwaukee 1, Wisconsin. 





PUMP HOUSING is made precisely 
and accurately from REFRAX® silicon- 
nitride-bonded silicon carbide. It is 
used in handling chemical abrasive 
slurries where corrosion resistance is 
most important. 


Refractories...to surpass metals 


What material combines a// the following properties? Cor- threads. Finish resembles that of a cast iron part. 


rosion resistance so that it is not wet by molten aluminum, Your high temperature problem, no matter how com- 
and resists attack by most acids; abrasion resistance that plex it may be, can almost certainly be solved with one of 
prevents wear by both high velocity particles and sliding the scores of super refractories by Carborundum. For 


assistance, write for these three booklets: 


heavy masses; the ability to withstand temperatures to 
3000° F; hot strength so high that at 2450° F its modulus 
of rupture is 5600 psi? 

What material combines all these properties? Obviously 
not a metal, not even a cermet. It is one of Carborundum’s 
special refractories — REFRAX® silicon-nitride-bonded sili- 
con carbide. This material can be precisely formed to 
tolerances of +0.005 in./in. with external and internal 


CARBORUNDUM 


Registered Trade Mark 


MAIL THIS COUPON TODAY ————— 


Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. E97 


Please send me: 
Current issue of Refractories magazine on REFRAX® 


Reprint of article in Product Engineering, Feb. ‘57 entitled ‘Nitride 
bonded silicon-carbide bridges gap between metals and ceramics” 


Bulletin on REFRAX® 
Name 
Company 
Street 


City 





Control section of Kellogg’ selectronic computer, 


Keliogg’s Digital Computer 
Permits More and Faster 
Accurate Flexibility Analysis 
of Complex Main 
and Reheat Piping Systems 


KEEPING PACE with the increasingly 
critical pressures and temperatures 
of the modern steam-electric power 
plant are M. W. Kellogg’s advanced 
techniques for pre-determining 
stresses and reactions of main and 
reheat piping. Most recent addition 
is a large magnetic drum digital com- 
puter, used to calculate forces, mo- 
ments, deflections, rotations, and 
stresses in complex piping systems. 

,By enabling Kellogg engineers to 
undertake a far greater number of 
calculations in less time than ever 
before, electronic computation makes 
possible the ultimate or near ulti- 
mate piping system designs. Pipe 
runs can often be shortened without 
sacrificing required margins of safety; 
capital investment and maintenance 
costs reduced; operating efficiency 
increased. 

A pioneer in flexibility analysis 
techniques, which include manual 
calculations, model testing, and a 
smaller electronic computer, Kellogg 
continues its pioneering in the power 
piping industry by the addition of 
this high speed computer to its New 
York engineering facilities 

A cordial invitation to see the 
M. W. Kellogg electronic computer 
at work is extended to consulting 
engineers and to engineers of power 
generating companies and their 
equipment manufacturers. Appoint- 
ments may be made through the 
Sales Manager, Fabricated Products 
Division. 


Electronic Route to Lower 
Steam Power Piping Costs 


Calculate 


Computer Flow Sheet 
This flow sheet shows the route 
followed by Kellogg's electronic 
computer to calculate forces, mo- 
ments, deflections, rotations, and 
stresses in high pressure and high 
temperature steam piping systems, 


FABRICATED PRODUCTS DIVISION 
THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N. Y. 


A SUBSIDIARY OF PULLMAN INCORPORATED 
The Canadian Ke pany Limited nto e Kel International Cor poration, London Soctete Kellogg, Parts 
Kellogg Pan t New } Con to dé setro . 


n ¢ ion . anhia K g Brasileira 


Compania Kellogg de Venezuela, Ca 








POWER PIPING-—-THE 











KELLOGG), Sie, 
~ \wW/ ee 


VITAL LINK 
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SUPERIOR COAL. Typical of the modern methods employed by producers on the C & O is this battery 
of screens de-watering washed coal. The naturally superior coals found in the Chessie area can be sized and 


processed to suit your exact requirements. 


mode) Widdaaacts We 


SUPERIOR SERVICE. Chesapeake and Ohio Railway is equipped to give you prompt and dependable 
deliveries through expanded high-speed yards and improved signal systems. There are plenty of good-order 
cars in the world’s largest fleet. A prompt repair program keeps 99% of the C&O cars in constant operation. 


For dependable deliveries of top quality coals, contact coal producers 
on the C & O. And for specific help in meeting your own fuel requirements, 
write to: R. C. Riedinger, General Coal Traffic Manager, Chesapeake 
and Ohio Railway Co., Terminal Tower, Cleveland 1, Ohio. 


Chesapeake and Ohio 
Railway 


WORL?'S LARGEST CARRIER OF BITUMINOUS COAL 


COMBUST IO N—September 1957 





THE BAYER CO. 


MANUFACTURERS OF BAYER SOOT BLOWERS 
For Highest First and Final Value 
... BUY BAYER! 


Balanced Valve 


SOOT CLEANER 


Bayer’s single-chain design compels perfect in-step operation of valve and 
element. Operation is positive, definite, assuring a full flow of steam for 
efficient cleaning. 


When the operator pulls chain, the cam-actuated, quick-action balanced 
valve is opened. By continued pulling of the chain, worm drive slowly 
rotates element over cleaning arc. When element reaches end of cleaning 
arc, valve automatically closes. 


Minimum steam consumption—low maintenance. Every detail is en- 
gineered, built for long life, efficient performance at high temperatures and 
high pressures. 


More than 30,000 boilers are Bayer equipped. More than 45 years’ 
successful, specialized experience assures you investment economies in 
Bayer equipment. 


QUALIFIED LOCAL ENGINEERING SERVICE—Your Bayer representa- 
tive is an experienced engineer, well qualified to take care of any service 
needs in connection with Boyer Soot Cleaners. He is available when you 
call upon him and will gladly render any service required. 
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All These Mechanical and 
Operating Advantages 
are available in 


The BAYER 
Balanced Valve 
SOOT CLEANER 


1. Sound engineering, 
workmanship, and 
materials of the best. 
An organization of 
over 45 years’ ex- 
perience, capable 
and willing to render 
service at all times. 


SINGLE CHAIN: Valve and element con- 
trolled by a single chain. 


VALVE BODY: Rugged construction, built 
to last. Short and ample steam passage 
giving very small pressure drop. 


ORIFICE PLATE VALVE: For high pressure 
service, each head may be controlled by an 
orifice plate valve through which pressure 
is adjusted for each individual element. 


STUFFING BOX: Due to maintenance of 
perfect alignment on swivel tube, packing 
needs little attention. Stuffing box is in full 
view, readily accessible. 


AIR SEAL: Has machined surface on wall 
sleeve and spring-held floating seal to pre- 
vent air in-leakage. 


HEAD BEARINGS: There are two main 
bearings, an outboard and an inboard bear- 
ing for the swivel tube to maintain align- 
ment. 


THRUST BEARING: Ring type thrust bear- 
ing takes the load. 


VACUUM BREAKERS: Twe vacuum 
breaker air valves, or one valve and a 
signal whistle above each valve, to prevent 
suction of boiler gases into valve and 
piping. 


ELEMENT OPERATION: With the Bayer 
element operation, balanced valve is 
opened just as element rotates, giving 
FULL pressure over entire cleaning arc. 
Full steam pressure insures thorough clean- 
ing. Balanced valve saves wear of valve 
parts. With any type of poppet vaive, this 
is important. ..ask any operator. 


BLOWING ARC: Valve cams avutomati- 
cally regulate cleaning arc. 


REDUCTION GEARS: 24 to 1 gear ratio 
gives slow rotation for good cleaning. 


FLANGED PIPE CONNECTION: Operating 
head is connected to supply pipe by flanges 
and through bolts, or high tensile studs and 
nuts. 


THE BAYER CO. 


St. Louis, Mo. 
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IT CRUSHES=IT SIZES=IT SCAVENGES 
ALL IN ONE OPERATION 


70 million tons of coal per year. The Bradford Hammer- 


The Pennsylvania Bradford Hammermill is designed for 
large capacity operation, reducing particularly hard coals 
at all times of the year, while using a relatively small 
amount of power. The Pennsylvania gives you a uniform 
product, with no oversize and a minimum of fines. And 
that isn’t all. You also get automatic removal of all refuse 
larger than the perforations in the breaker cylinder. This 
scavenging feature is a great protector of equipment fol- 
lowing the breaker. Another point to remember, is, that, 
self-housed, no expensive building is needed to house this 
breaker. These are some of the reasons why Pennsylvania 
Bradford Hammermills have been preferred by power sta- 


tions for many years, crushing, sizing and scavenging over 
PENNSYLVANIA CRUSHER DIVISION 
Bath Iron Works Corporation @ West Chester, Penna. 


COMBUSTION—September 1957 


mill has more than 20% greater capacity than the conven- 
tional Bradford Breaker of the same size, therefore 
smaller sizes may be used for a given capacity with sav- 


ings in floor space and supporting steelwork. 


PENNSYLVANIA 


RADFORD 
HAMMERMILLS 





Which is the best 


Buell Cyclones offer ex- 
clusive Shave-off which 
harnesses double-eddy 
currents and puts them to dust collection system? 
work, large diameter de- 
sign which eliminates 
bridging and clogging. . . . : 
ee Five factors influence the choice of a dust collection system: 
~harartarictirc yé sharacrtarictirc C1ieNnc > ire 
Bucll “SF” Electric Pre« dust characteristics, gas characteristics, efficiency required, 
cipitator delivers extra installation and operation costs, and limitations of space or draft 
collection efficiency In every installati uctusive Buell fes ide 
through use of unique Oss. In every installation, exclusive Buell features provide 
high emission, selftension- extra efficiency. A booklet, “The Collection and Recovery of 
ing Spiralectrodes and ex- , ” ; 
clusive Continuous Cycle ; Industrial Dusts”, provides valuable, 
Rapping. [ee specific details. Just write Dept. 70-H, 
; Buell Engineering Company, Inc., 
Buell Combination ‘ ‘ : 
Cyclone-Precipitator 70 Pine Street, New York 2, New York 
Systems combine exclu- 
sive Buell features for 
extra efficiency where ex- 
tremely high performance 
standards must be met. 


Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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Research in the Marketplace 


The Fall of the year has become an increasingly im- 
portant time for the general business economy. It is the 
period when new budgets are initiated and unexpended 
funds in present budgets reviewed against projects al- 
ready underway or planned for the balance of the year. 
One of the Wall Street columnists refers to this period as 
the fateful four weeks and points out that discussions 
about the have not been 
equalled for so much conflict since 1949. Certainly we 
all of us, economists or engineers, can appreciate the 
effect inflation with its attendant high interest rates and 
high material and wage costs might have upon expansion 
As a result we find our- 


year’s business prospects 


plans for the immediate future. 
selves indebted to the optimistic note carried as a Mc 
Graw-Hill Publishing Co. editorial in all of their June 
1957 publications entitled, ““‘What Research Means to 
American Business. 

This editorial is based upon the findings in McGraw 
Hill’s tenth annual survey of Plans for New 
Plants and Equipment. The point developed is has some 
new factor been added to change the investment cycle? 
The authors feel there is such a factor and they submit it 
is the monies industry is advancing for scientific re- 
They state that altogether in 


Business’ 


search and development. 


Labor Day Reflections 


The modern steam-electric generating station is sym 
bolic of man’s successful efforts to harness increasing 
amounts of physical power with the assistance of de 
creasing numbers of men. As another Labor Day passes 
one is reminded that power generation at one time was 
literally a back-breaking job. Photos and descriptions 
of American central stations of the 1880’s and 1890's 
picture delivery of coal by horse-drawn wagons and hand 
firing of many small boi'ers with men crowding coal in 
extremely cramped quarters. 

Over the years the character of the work has changed 
about as drastically as the size of the working force. In 
visiting a modern central station one can walk for a con 
siderable time in areas in which there is much mechanical 
and electrical equipment but few men. The occasional 
person one does see gives little evidence of having en- 
gaged in arduous physical labor, and he works under con- 
ditions that are as safe as his own home and approach it 
in cleanliness. In fact, the working man in overalls is 
often out-numbered by instrument technicians, shift and 
results engineers and the administrative staff. 

All of the foregoing reflects itself in more kilowatt out- 
put per central station employee. This trend undoubt 
edly will continue in the future, as our economy requires 
additional expansion of power generation facilities and 
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dustry plans to introduce more new products in 1957 
1960 than in any previous four year period. Further, 
it is their contention that industry plans new processes 
on a scale that will make much of our present capacity 
obsolete. Both of these plans are predicated on a 
marketable product resulting from this planned re 
search program. In summation they foresee a new kind 
of prosperity for our economy 
deliberate creativeness. 

Of course we hope they are right. 
writers were quick to state there was no guarantee and 
that they believed a major problem certainly was the 
shortage of trained scientists and engineers. We feel, 
however, the major problem is rather the one so ably 
singled out by Joseph W. Barker, chairman of the board 
of Research Corp., before the Annual Meeting and 
Techno-Sales Conference of Bituminous Coal Research, 
We quote ‘Unless the 


a prosperity based on 


These editorial 


Inc., in mid-April of this year. 
general ‘pumping in’ activities of the pure scientists are 
equal to or greater than the ‘draw down’ of the develop 
ment teams, technological progress will grind to a halt 
some day.’ If this inescapable fact is known and 
accepted in the decision to budget for research then and 
only then we may see this new kind of prosperity. 


new sources of power. And that brings us to another 
Labor Day observation: finding new power plant sites. 

It is somewhat paradoxical that electric power which 
has contributed so much to the increasing amount of 
leisure time that all of us enjoy is the source of so much 
personal and community antagonism when proposals are 
made to build a steam-electric station on a site that can 
be construed to have recreational value. It is an un 
questioned truism that the modern central station re 
quires large quantities of water for condensing purposes 
and that such water may equally well be used for swim 
ming, fishing or other recreational pursuits. But it does 
not follow that a central station has to be a ‘‘bad neigh- 
bor’ or that use and discharge of cooling water neces 
sarily has an adverse effect upon recreation. To meet the 
increasing demands for power, sites must be found or re 
developed at locations with adequate water, suitable sub 
surface conditions, and load centers within economical 
range. 

Leisure time and labor-saving devices go hand in hand. 
To provide the shorter work week of the future will re 
quire more power if present standards of living are to be 
maintained and increased. More power means new 
power stations, and suitable sites must be found by ac 
commodating both recreation and power generation. 
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The number and complexity of the individ- 
ual closed loops comprising a nuclear 
power plant makes the analog computer 
an attractive method for solving the sys- 
tem’s transient performance problems. 
The author has employed these techniques 
on the dual cycle boiling water reactor 
nuclear plant. 


The Analog Computer Aids 
Nuclear Plant Design 


By DAVID W. LEIBY'’ 


General Electric Co. 


HE first step in studying power plant transient 
performance is to break the system down into a 
number of These indi 

vidual loops can then be simulated and analyzed on an 


Next the total simulated system can 


individual closed loops 


analog computer 
be interconnected and overall performance obtained. 
Various simplifying assumptions need to be made, 
however, in the the individual control 
loops and their interconnection both to limit the com 
plexity of the simulations to the available equipment 
and also to cover the areas in which detailed information 
at hand such as system phenomena 


simulation of 


is not immediately 
and the various parameters. From the results obtained 
predictions can be made concerning the general trends in 
the performance of the power plant for various system 
disturbances and upon the 
importance of system parameters and their individual 
effect upon system performance. Such information is 
quite useful in determination of design compromises 


evaluations may be set 


when certain areas of performance must be sacrificed for 
other considerations. 


Dresden Power Plant 


The 


When the Dresden Nuclear Power Plant came up for 
consideration the analog computer offered an attractive 
means of solving certain transient performance problems. 
Chis plant is being designed to operate on the dual cycle, 
boiling water reactor principle. (1, 2,3,4).* Basically, 
a portion of the energy is withdrawn from the reactor 
in the form of high pressure steam obtained by direct 
boiling within the reactor core, and a portion of the out 
put is taken in the form of a lower pressure steam ob 
tained from a heat exchanger. A simplified block dia 
gram of an early version of the Dresden Nuclear Power 
Plant is shown in Fig. 1. This b'ock diagram shows the 
main components of the power plant system as well as 
the interconnections of the various flow paths of water 
and steam. The primary recirculating loop consists of 


* With the exception of the introductory paragraphs this article was pre 
sented under the title ‘Analog Computer Study of the Transient Performance 
of a Dual Cycle Boiling Water Reactor Nuclear Plant’ at the Summer General 
Meeting of the AIEE Canada, June 24-28, 1957 

Nuclear Systems Control Engineer, General Engineering Laboratory 
imilar numbers in Bibliography at the 


Quebec 


* Numbers in parentheses refer to 
close of the article 
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the reactor vessel with its reactor core, the risers through 
which the mixture of water and steam goes to the high 
pressure steam drum and the steam separators, the pri 
mary side of the heat exchanger, and the interconnecting 
recirculating water lines. The high pressure steam flows 
either through the bypass valve directly to the condenser 
or through the primary steam valve to the high pressure 
stage of the turbine. The secondary steam generated 
in the secondary side of the heat exchanger flows through 
the secondary steam valve to an intermediate pressure 
stage of the turbine. The condensate from the turbine 
passes through the associated feedwater equipment and 
then returns proportionally through the feedwater 
pumps to the secondary steam drum and into the re 
circulating water loop to maintain proper water level 
within the various components of the system. The 
multitude of auxiliary equipment and functions such as 
blowdown, demineralizers, makeup water, have been 
eliminated from the block diagram, since their magni 
tudes and operations are assumed to have insignificant 
effects upon the transient performance of the power 
plant during normal operation. 

The valves associated with the high pressure steam 
flow, the bypass flow, and the secondary steam flow are 


PRIMARY 
4 STEAM VALVE + 
= 
4 . 
SECONDARY } 
STEAM VALVE } ) 
I J 
LOAD 
DEMAND“ ee 
4 P 
4 
| TURBINE 
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| | 


r 

an ae 
CONDENSER AND 
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. l1—Dual cycle-boiling reactor power plant 
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Fig. 2—Steam-flow control 
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interconnected through the mechanical and hydraulic 
system illustrated in Fig. 2. The error signal between 
the reactor vessel pressure and the reference pressure 
operates through a pressure regulator to position the 
midpoint of the pressure link. The error signal be- 
tween the turbine speed and the reference speed acts 
through a speed governor to position the midpoint of the 
speed link. The secondary admission valve is connected 
through a hydraulic amplifier to the right-hand end of 
the speed link, the primary steam admission valve is 
connected through a hydraulic amplifier to the inter 
connection between the speed link and the pressure 
link, and the bypass valve is connected through hy 
draulic amplifying equipment to the left end of the 
pressure link. In addition, the left-hand end of the 
pressure link is restrained by a spring to hold the bypass 
valve in the closed position. 

This unique linkage system provides automatic con 
trol of both the turbine speed and the reactor vessel 
pressure when the power plant is operating into an iso- 
lated load. If the load is increased upon the turbine, 
the speed will tend to droop, causing the speed governor 
to raise the mid-point of the speed link, thereby opening 
the secondary steam valve to maintain the proper speed 
on the turbine. If the reactor vessel pressure tends to 
increase above the reference value, the pressure regu- 
lator will raise the mid-point of the pressure linkage 
causing the pressure link to rotate about its left end as a 
fulcrum and the speed link to rotate about its mid-point 
thereby opening the primary steam valve and closing the 
secondary admission valve. If there should be more 
primary steam flow available than required to maintain 
load on the turbine, the secondary admission valve will 
become seated and any further demand for more high 
pressure steam flow will cause the output of the pressure 
regulator to override the restraining spring, thereby 
opening the bypass valve to the condenser. 

One of the attractive characteristics of a boiling water 
reactor is its stable operation at constant power when 
operating under constant When the 
dual cycle feature is applied to a boiling reactor it is 
found that the reactor power level is a function of the 
subcooling of the water entering the bottom of the core 
The term subcooling is used to describe the difference in 
enthalpy between the water entering the bottom of the 
the enthalpy .at the operating 


pressure.(5, 6) 


core and saturation 
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Fig. 3—Reactor void-fraction relationships 


pressure. This subcooling of the recirculating water is 
essentially a measure of the amount of energy being 
extracted in the secondary steam system plus the 
energy required to heat the primary steam flow conden 
sate up to the boiling point. 

The manner in which the subcooling is related to the 
total power output of the reactor can be seen by referring 
to Fig. 3. In this figure, three functions within the 
reactor core are indicated relative to their positions 
along the axis of the reactor for two different power 
levels. If the heat flux density from the fuel elements to 
the coolant steam, Q,, (y), is assumed to be sinusoidally 
distributed along the axis of the core, the energy added 
to the coolant stream, f Q(y), has the form of a (1-cos@) 
curve. At some point upward through the core, desig 
nated as a, sufficient energy has been added to the cool- 
ant stream to bring the recirculating water up to the 
boiling point. All energy added to the coolant stream 
from that point upward causes boiling within the reac 
tor core. The difference in between the 
total energy added curve and the subcooling value can 
be considered as an indication of the bubble concen- 
tration. The total area beyond the subcooling boundary 
line gives an indication of the total steam volume within 
the reactor core. The steam bubbles within the core 
cause negative reactivity which must be counterbalanced 
by positive reactivity from the control rods. For the 
purpose of this study, the negative reactivity from the 
steam bubbles is considered to be proportional to the in 
tegral of the local bubble population times the relative flux 
level squared. ‘the reactivity from the bubbles or voids, 
as a function of distance through the reactor, is given by 
the A Kv (y) curve with the total reactivity from the 
voids being represented by the area under this curve. 

The two similar diagrams on Fig. 3 are shown for 
'/, rated power level and for operation at 
In the '/» power condition, which is 


the abscissa 


operating at 
full rated power. 
shown in Part A, the subcooling is equal to approxi 
mately 20 per cent of the full rated output of the reactor, 
causing boiling to begin approximately 40 per cent 
through the reactor. It can be seen that if the sub 
cooling is increased, the bubble population will diminish, 
thereby causing an effective decrease in the area repre 
senting the reactivity from the voids. Since this reac 
tivity term is negative, a decrease in its magnitude puts 
an effective positive reactivity into the reactor, thereby 
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Fig. 4—Reactor void-fraction loop 


causing an increase in the reactor power as in Part B. 
When the reactor is operating at full power as shown 
in Part B, boiling does not begin until the recirculating 
water has penetrated over 50 per cent through the 
reactor Chis gives a much shorter region in which the 
bubbles are present, but, due to the increased magnitude 
of the bubble concentration, the area of the curve which 
represents the total reactivity of the voids is the same 
as that in the conditions shown in Part A of Fig. 3. 
Since the subcooling of the water entering the bottom of 
the reactor core, Q, is essentially proportional to the 
energy being extracted in the secondary steam system, 
a method of control of the reactor power level over a 
reasonable power level range is obtained by changing the 
rate at which energy is withdrawn from the secondary 


steam system 


Power Plant Simulation 


Che presentation of all the details of the derivation of 


system transfer functions and simulations of all com- 
ponents of the power plant is well beyond the scope of 
this paper. Therefore, only the block diagrams of the 
individual loops within the system will be presented along 
with a discussion of several of the simulation problems 


involved in each loop 


REACTOR-VOID FRACTION Loop 


Probably the most important single control loop 
within the Dresden nuclear power plant is that which 
expresses the relationship of the reactor power level, 
the recirculating water subcooling, and the effective 
reactivity from the This loop, which is 
present within the reactor core, can be represented by a 
five element block diagram as shown in Fig. 4. The 
reactor kinetics represents the relationship between the 
reactivity, Ak, applied to the nuclear reactor and the 
output of neutron flux, ¢. The fuel element thermal 
model gives the time dependent behavior of the heat 
energy output at the surface of the fuel elements, Q4, 
as a function of the neutron flux level as an input. The 
void fraction model expresses the relationship between 
the reactor heat flux and the recirculating water sub 
cooling, Q,, to give an effective steady state reactivity 
from the voids, Ak,,. The void generation time sim 
ulation block considers the time for the growth of the 
bubbles within the reactor core and the accumulation of 
the effect of bubbles as a function of the transport time 


steam voids. 
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Fig. 5—Fuel-element thermal model 


through the core. The fifth block represents the pres 
sure dependency of the effective reactivity in that, as 
the reactor vessel pressure, P;, increases, a given amount 
of energy in steam will represent a smaller volume of 
voids within the reactor core. The reactivity from the 
voids is added with the proper polarity to the reactivity 
from the control rods, temperature coefficient, Doppler 
effect, poisons, to give an effective AK of zero under 
steady state operating conditions. The reactor kinetics 
is simulated in a conventional manner by the use of one 
operational amplifier with the five delayed neutron groups 
connected across it and one electronic multiplier to ob 
tain the power level dependency of the reactor gain 
factor (7, 8). 

During the early phases of the study of the Dresden 
nuclear power plant, the fuel element transfer function 
was considered to be a simple time constant. During 
the investigation of the stability of the reactor-void 
fraction loop, a more refined model of the fuel element 
was found desirable. An expression was derived for the 
heat transfer to the coolant at the surface of an infinite 
cylinder having uniform heat generation throughout its 
interior. Further improvement of the thermal model 
of the fuel element was made by considering the thermal 
impedance present in the bond between the fuel material 
and the jacket of the fuel element (9). The transfer 
function for the heat flow across the boundary between 
the fuel element and the coolant can be expressed as a 
series of single time constants which can be readily 
simulated on the analog computer. 

The gain constants and time constants in the series 
expression are functions of the Eigen values of the Bessel 
functions, the outer radius of the fuel element, the ther 
mal diffusivity of the fuel element material, and the 
thermal resistance between the fuel element and the 
jacket. The transfer function of a typical fuel element 
is shown in Fig. 5, along with its analog computer simu 
lation and the transient response of the fuel element to 
a step change in uniform heat generation within it. 

The transfer function of the typical fuel element indi 
cates that 75 cent of the energy transfer occurs 
through a time constant of 5 sec, 15 per cent occurs 
through a time constant of | sec, 
through a time constant of '/»s sec, 
of the energy transfer occurring in smaller and smaller 
parcels through faster and faster time constants. The 
response of such a transfer function to a step input then 
shows up with an infinite slope at the beginning of the 


per 


5 per cent occurs 


with the remainder 
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transient which decreases as the effect of the faster time 
constants disappear and the remaining energy comes 
from the longer time-constant contribution. 

In the simulation of the void fraction model it was 
necessary to reproduce the calculated effect of the sub 
cooling of the water entering the bottom of the reactor 
core, Q,, and the operating level of the reactor, Q,, upon 
the effective reactivity obtained from the voids. By 
means of the geometry presented in the void fraction 
relationships shown in Fig. 3, an analytical expression 
can be derived for the effective reactivity of the voids as 
a function of these two system variables, giving the 
family of curves as shown in Fig. 6. In this figure, each 
curve represents a given constant power level, the ordi 
nates indicate values of effective reactivity from the 
voids, and the abscissae represent values of subcooling 
entering the bottom of the reactor core. This family of 
curves, or void map as it is often called, is set up in a 
per unit system such that for the unit power output 
curve, unit subcooling causes zero void generation, 
whereas, zero subcooling causes unit effective reactivity 
from voids. In the power plant configuration under 
discussion, the operating line is such that full power is 
obtained at approximately 50 per cent per unit subcool 
ing. Therefore, the operating line drawn on this family 
of curves shows that only about 20 per cent of the effec 
tive AA from voids is present as would be present if the 
reactor were boiling completely at rated power with satu- 
rated water entering the bottom of the core. This 
family of curves shows that with the operating line at 
the indicated position, control from 100 per cent power 
down to approximately 25 per cent power is possible by 
means of variation of the subcooling. 

The behavior of the reactor loop can readily be seen by 
considering operation about some point on the operating 
line, say at the 0.8 power position, where the subcooling 
is approximately 37 per cent. If the subcooling were in- 
creased to 40 per cent, the operating point would move 
down along the constant 80 per cent power line which 
would cause a decrease in the effective reactivity from 
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the voids, thereby causing the reactor power to increase. 
The reactor power level will then increase to some value of 
approximately S85 per cent to bring the operating point 
back to the operating line. In a similar manner, if the 
subcooling were decreased down to 30 per cent rated 
value, the operating point would move upward to cause 
an increase of about 30 per cent in the reactivity from 
the voids, thereby reducing the reactor power to ap 
proximately 70 per cent to bring the operating point 
back to the operating line. 

This family of curves is simulated on the analog com 
puter equipment, (10) as shown in Fig. 7. An electronic 
divider circuit is operated on by the subcooling, Q,, the 
heat flux from the reactor, Q,, and by a bias voltage. 
The output of this divider is a function of the reactivity 
from the voids. ‘This function is then applied to a func 
tion generator which simulates the per unit power curve 
of reactivity as a function of subcooling. This function 
generator the forward characteristics of 
diodes and can reproduce the curve with less than | per 
cent error. The simulation of the fraction map 
was adjusted to maintain the spacing and the slope of the 
power curves near the operating line, allowing some 
deviation at the extremities of the curves. These 
deviations were not serious no: “al 
operation did not cause violent operational departures 
from the operating line and also because the assumptions 
made in the calculations of this curve did not warrant 
the additional effort to obtain a more accurate repre 
sentation. The results, however, are sufficiently accurate 
to present a good physical picture of events. 
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Fig. 8—Recirculating water loop 





RECIRCULATING WATER Loop 


The block diagram of the recirculating water loop, 
which Fig. 8, 
rhe thermal model of the reactor vessel takes the pri 
mary steam flow, |, and the difference between the 
reactor heat rate, V@, and the subcooling, Q,, as the input 


is shown in includes eight components. 


signals and produces the pressure in the reactor vessel, 
P,, as the output signal. The reactor pressure 
determines the enthalpy, /s, of the recirculating water 
leaving the reactor vessel. This enthalpy acts through 
the time constant of the water storage within the pri 
mary steam drum and the transport time between the 


vessel 


steam drum and the heat exchanger to give an enthalpy, 
hyo, at the input to the the heat ex 
changer. The steam flow from the secondary side of 
the heat 
secondary 


primary side of 
produces the heat exchanger 
P,, and the enthalpy 
drop across the primary side of the heat exchanger, /i2. 


exchanger, HW», 
steam drum pressure, 
Chis enthalpy drop across the heat exchanger, which is a 
measure of the subcooling at that point, acts through the 
transport time the heat the 


reactor vessel, and the reactor vessel plenum chamber 


between exchanger and 
time constant to give the subcooling of the water entering 
the bottom of the reactor core 

No unusual simulation problems were encountered 
in this portion of the system. In order to maintain good 
resolution of the the enthalpies 
around the recirculating loop, the saturation enthalpy 


voltages simulating 
at the rated pressure was chosen as the zero reference. 
his allowed the changes in the subcooling to cover the 
full range of output voltage of the operational amplifier. 
Each transport time was simulated by an all-pass net 
The 
heat exchanger was simulated by a relatively simple anal- 


work utilizing three operational amplifiers (11). 


ysis of the single pass, cross flow, U-tube type con- 
figuration (12 A typical response of this portion of 
the system is given in Fig. 9 in which a step decrease in 
the secondary flow rated value to zero is 
applied, such as would occur during a turbine trip-out. 


steam irom 
The secondary steam pressure and subcooling appearing 
at the bottom of the reactor are the output functions. 
The pressure within the secondary steam drum rises 
a single time constant whose magni 
the weight of water 


approximately as 
tude is determined primarily by 
stored within the secondary side of the heat exchanger. 
The subcooling leaving the heat exchanger follows ap 
proximately the same curve as the secondary steam drum 
pressure. It appears at the bottom of the reactor core 
after being operated upon by the transport time between 
ind the heat exchanger and the time 


the reactor vessel 


constant in the reactor vessel plenum. 


PRESSURE LOOP AND SPEED Loop 


In the 
power plant simulation on the analog computer equip 


preliminary studies leading up to the total 


ment, individual studies were made of the pressure loop 
In these studies, the transient per 
formance of the individual loops was investigated for a 


and the speed loop 


large number of variations in system parameters and for 
various driving functions. Since the pressure loop and 
the speed loop are quite closely interconnected, both 
through the cross-coupling of their control signals and 
also by an interconnection of their main integrator ele 


ments, it is more convenient to present a block diagram 
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of the combined pressure and speed loops as shown in 
Fig. 10, rather than the individual block diagrams. The 
pressure loop under normal operating conditions con 
sists of the pressure regulator, the primary steam valve, 
and the reactor vessel thermal model. The speed loop 
consists of the speed governor, secondary steam valve, 
and the steam turbine model. 

he steam flow control system contains many more 
individual elements than those shown in the pressure and 
speed loop interconnection block diagram of Fig. 10. 
In many places throughout the system, the power re 
quirements are such that hydraulic 
amplification devices must be cascaded in order to obtain 
Also, the system in- 


several stages of 
proper operation of the system. 
cludes auxiliary control equipment such as pre-emer 
gency pressure regulators and special hydraulic mech- 
anisms for obtaining particular operating character 
istics of the system. In order to properly simulate the 
performance of the pressure and speed loops, it is neces 
sary to include the major nonlinearities imposed upon 
the hydraulic control equipment. 

In normal turbine control practice, the oil supply for 
the hydraulic control equipment is obtained from the 
same pump that supplies the lubricating oil to the tur 
bine-generator equipment. Therefore, the relatively 
large hydraulic equipment driving the turbine admission 
valves and the bypass valve mechanisms must not oper 
ate at such rates as to demand a greater hydraulic oil 
flow than that available from the pumps which would 
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C. ANALOG COMPUTER REPRESENTATION 


Fig. 1l—Hydraulic-amplifier simulation 


cause an undesirable pressure drop of the oil system. 
Since the hydraulic equipment has physical limits upon 
the strokes such that valves can move no further than 
fully closed or fully open, it is necessary to insert these 
limitations upon the simulation of the equipment. An 
other nonlinearity to include is the effect of the differ 
ential areas of the operating pistons of the valve mech 
the effect of the static load forces 
imposed upon the operating pistons. 

The analog computer simulation of a typical hydraulic 
amplifier such as used in the pressure and speed loop 
representation is shown in Fig. 11. In part A, a very 
simplified schematic diagram is given of the hydraulic 
amplifier, showing its three basic components. These 
components are the pilot valve, the operating piston, 
and the feedback linkage mechanism. The two expres 
sions describing the operation of this hydraulic amplifier 
are given in part B of the figure, in which the displace 
ment of the pilot valve, Y, is equal to the displacement 
of the input, X, minus the displacement of the feedback 
from the output position, Z, all multiplied by the proper 
scale factors which are determined by the linkage arm 
level ratios. The second relationship which holds is 
that the displacement of the output system is propor 
tional to the integral of the displacement of the pilot 
valve. This expression is written under the assumption 
that the rate of flow of hydraulic fluid to the pilot valve 
is directly proportional to this displacement in either 


anisms, as well as 


direction of operation 

These two linear operating equations can be simulated 
by the use of three operational amplifiers as shown in 
Part C of Fig. 11 rhe simulation of the first equation 
is performed on Amplifier 1, the second equation is 
simulated on Amplifier 2, and Amplifier 3 is used strictly 
as a sign changer. The output position of the hydraulic 
amplifier is obtained as the voltage output of Amplifier 
2. This amplifier has a silicon diode limiter connected 
across it in order to simulate the stroke limit of the oper 
ating piston. The input to this integrator representing 
the operating piston is obtained through two adding 
resistors such that for one polarity of input signal, one 
resistor alone is in the circuit whereas, for the opposite 
polarity input, the two resistors are in parallel. This 
simulates the effect of the static load upon the operating 
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piston. The output of Amplifier 1, which is the posi 
tion of the pilot valve, is limited in either direction of 
operation by the two silicon diodes connected across the 
amplifier. The breakdown voltages of these diodes are 
selected to obtain the proper rate limits upon the oper 
ating piston. 


TOTAL SYSTEM SIMULATION 


The overall simulation of the Dresden nuclear power 
plant was obtained by the proper interconnection of the 
various individual control and operating loops. In the 
final phases of the study, in which several abnormal 
operating conditions were investigated, up to 70 opera 
tional amplifiers, three function generators, and five 
electronic multipliers were committed to this problem. 
Since the individual loops and components of the power 
plant system had been analyzed in considerable detail 
in the preliminary studies, no great difficulty was ex 
perienced in the interconnection of the various loops into 
the overall system simulation. 

In the scaling of the problem for the computer, a non 
dimensional form of scaling was used. The electronic 
multipliers used in this study had scale factors such that 
25 volts times 25 volts as inputs gave 25 volts output 
with a saturation level of approximately 50 volts in the 
output. Therefore, the problem was scaled so that 
25 volts represented 100 per cent rated value of the 
different system variables in those portions of the prob 
lem in which electronic multipliers were required. In 
other portions of the problem 50 volts was chosen for 
rated conditions. This adoption of a normalized or a 
per-unit scaling made interpretation of the data quite 
easy, in that involved. 
Also, the adoption of this universal scale factor of either 
25 or 50 volts for rated conditions eliminated much of 
the risk of data being recorded at the wrong scale factor. 

The immediate results of this study were obtained in 
the form of recorder charts of the transient performance 
of different system variables. Throughout most of the 
study, ten channels of information were recorded. This 
was obtained by using an S-channel recorder with a 
‘“Triplexer”’ one channel. Since the 
problem was scaled for real time, the chart speed was 
sufficiently slow that the ‘‘Triplexer’’ gave a reasonably 
good indication of the transient conditions. The nine 
system variables which were recorded for most of the 


no unusual scale factors were 


connected to the 


transient runs were the primary steam flow, W,, the 
secondary steam flow, IV2, the primary bypass steam flow, 
W, the turbine load demand, Q,, the actual turbine load 
obtained, Q,, the nuclear reactor power level, ¢, the re 
circulating water subcooling, Q,;, the reactor vessel pres 
sure, P;, and the secondary steam drum pressure, P». 
Additional variables which were recorded were the tur 
bine speed, w, pressure regulator reference, Pir, control 
rod reactivity, AA,, accident reactivity, AA,4, individual 
bypass valve steam flow, Wo,, feedwater flow, W;, and 
other system variables. Several hundred transient re 
sponses were taken of the power plant performance for 
a large variety of driving functions. In order to main 
tain control of the accuracy of the data being obtained, 
a series of log sheets was set up in which each of the 
transient runs was given an identifying number, with 
the log sheet reporting such information as the driving 
function, the variations in the different system param 
eters being considered, the recorder calibration for all of 
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the channels of information being recorded, and the per 
tinent information from the recorder 
chart. From this relatively large amount of data taken, 
the observed data was pres¢ nted as families of curves of 


being obtained 


system performance indications such as transient pres 
sure overshoot or time to reach certain magnitudes as 
functions of the various driving functions and system 


parameter combinations 


Indicated Transient Performance 


One of the most demanding driving functions which 
can be imposed upon the power plant, under what are 
considered normal operating conditions, is the driving 
function of a power plant trip-out from full load. This 
trip-out of the power plant can be initiated either by a 
loss of load on the generating equipment, or by the trip- 
ping of the turbine valves by safety equipment associated 
with the turbine The primary consideration 
upon trip-out is the protection of the turbine equipment 


system. 


from overspeed and also the maintaining of proper oper 
ation where possible of the prime power source. The 
response of the power plant to a turbine trip-out 1s 
shown in Fig. 12. At the instant the trip-out occurs, 
the secondary steam flow and primary turbine steam 
flow decrease to zero very rapidly. With the time con 
stants of typical control system, these valves shut off in 
much less than one second’s time. The primary by-pass 
steam flow then increases up to a magnitude to maintain 
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. 13—Effect of bypass-valve rate upon pressure transients 


pressure within the reactor vessel. The rate of increase 
of this steam flow is determined by the rate limit upon 
the opening of the bypass valve and is so set that there 
is no detrimental pressure drop in the oil supply system. 
The turbine load output drops very rapidly to zero fol 
lowing the decrease in the two steam flows. The reactor 
power level takes a momentary positive overshoot and 
then decreases to approximately 20 per cent power in the 
steady conditions which represent the standby 
boiling of the reactor with the control rods at the normal 
The primary steam drum pressure over 


state 


conditions. 
shoots approximately 10 psi and then goes through a 
damped oscillation until the nominal 1000 psi pressure is 
obtained. The secondary steam drum pressure starts 
out at the 500 psi value of full load conditions and then 
increases to the 1000 psi, which gives the same pressure 
in the secondary steam drum as in the primary system. 

The magnitude of the first oscillation of the pressure 
loop is determined primarily by the magnitude of the 
steam flow error signal imposed upon it. This steam 
flow error signal is measured by the rate at which the 
bypass valve opens following the trip-out of the primary 
steam valve. From a series of transients in which this 
rate limit was varied, the curve of positive transient pres 
sure overshoot of the reactor vessel pressure as a function 
of bypass opening rate is plotted as shown in Fig. 13. 
This figure shows that a bypass valve rate limit below 
approximately 20 per cent flow change per second causes 
an undesirable positive reactor vessel pressure overshoot 
of over 35 psi. If the valve is speeded up to the mag- 
nitude that the limit is effectively removed and its speed 
is only limited by its inherent time constant, the positive 
reactor vessel pressure overshoot is held to a value less 
than 5 psi. 

With the bypass valve rate limit set at approximately 
60 per cent flow change per second, and the initial power 
level as a variable, the curve of maximum positive pres 
sure overshoot as a function of the initial load demand 
preceding the trip-out is obtained as shown in Fig. 14. 
This shows that the pressure error is practically a linear 
function of the initial power level before trip-out. 
MANEUVERS 


NORMAL POWER CHANGI 


Two recorder chart representations are now presented 
which illustrate the normal maneuvers of the power plant 
in changing power level at a reasonable rate. In the 
first case, which is illustrated in Fig. 15, the turbine load 
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Fig. 14—Effect of tripout level upon pressure transient 
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demand is increased linearly from zero at the steady state 
standby condition to 100 per cent in 25 seconds. At this 
standby condition, the primary steam valve and second- 
ary steam valve are closed; the bypass valve is allowing 
approximately 40 per cent rated primary steam flow 
directly to the condenser; the turbine load output is at 
zero; the reactor power level is at approximately 20 per 
cent rated power; the reactor vessel pressure is at the 
rated 1000 psi; and the secondary steam drum pressure 
is also at 1000 psi. 

As the load demand is applied to the turbine control 
system, the primary steam valve opens to admit pri- 
mary steam to the turbine simultaneously as the bypass 
valve the time that the primary steam 
valve is carrying all of the primary steam flow, the 
The secondary 


closes. At 


secondary steam valve begins to open. 
steam valve opens at a rate determined by the power 
demand, and in this particular case reaches its full open 
limit of approximately 130 per cent. When the second- 
ary steam valve reaches its limit, there is still insufficient 
primary steam flow to maintain the desired load upon 
the turbine. Therefore, it can be seen that, at the point 
where the secondary steam valve hits its limit, the tur- 
bine load output deviates from the demand of the 25 
second ramp input and does not reach the desired 100 per 
cent load until approximately 50 seconds after the de- 
mand had been initiated. The secondary steam drum 
pressure does not start to drop until the secondary steam 
flow is started. Since the recirculating water subcooling 
does not begin to increase immediately after the second- 
ary steam drum pressure begins to drop because of the 
transport time delay, the reactor power level does not 
begin to increase until some time after the initiation of 
his can also be seen from the 

flow which remains at 

until nearly 25 after the 
It then begins to increase at a 


the driving function 


curve of primary steam prac 
tically a 
transient 


rate determined primarily by the secondary steam drum 


constant value sec 


was started 


pressure time constant acting through the recirculating 
The 
reactor vessel pressure is found to be only slightly dis 
turbed by this transient, having a maximum positive 
deviation from the nominal value of about 3 psi and a 


water subcooling to give a reactor power level value. 


negative deviation of less than 1 psi. 
In the second case, which is illustrated in Fig. 16, the 
power plant demand is assumed to be changed from 100 
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Fig. 15—Transient performance during load increase 
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Fig. 16—Transient performance during load decrease from 
full-ioad to no-load 


per cent to zero per cent load linearly over a 25-sec period. 
The reduction of turbine load demand causes a decrease 
in the secondary steam flow. When the secondary steam 
valve has been completely closed, the primary steam 
valve is closed simultaneously with the opening of the 
In this case, the change in the second 
ary steam drum pressure begins very shortly after the 


bypass valve. 


initiation of the transient since the secondary steam 
flow is the first of the two steam flows to change. The 
recirculating water subcooling begins to decrease, ac 
companied by a decrease in the reactor power level. It 
should be noticed that the turbine load output follows 
exactly the turbine load demand in going from 100 per 
cent to zero per cent in 25 time. The reactor 
vessel pressure shows a negative error of approximately 


sec of 


t psi with practically no positive pressure error at any 
time during the transient. After steady state conditions 
are reached, the reactor operates at slightly above 20 
per cent rated power with a bypass steam flow of ap 
proximately 40 per cent rated high pressure steam flow 


INDIVIDUAL BYPASS VALVE CHECK-OUT 


In the operation of the bypass steam system, the mag 
nitudes of steam flow to be handled are such that 
feasible; rather, a number of valves are 
It is estimated that S valves will 


one 
valve is not 


operated in sequence. 
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Fig. 17—Transient performance during by-pass valve check 
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be used, each of which will be capable of allowing 15 per 
cent rated high pressure steam flow when in the full open 
position. As one of the operating procedures of the 
power plant, the operation of each of these individual 
bypass valves must be checked periodically. Since this 
will apply a transient to the pressure loop of the system, 
an indication of the best method of checking of these 
individual desirable. Each bypass 
valve is opened at a certain rate, held open for a given 
pericd of time, and then closed at one-half the rate at 
The results of a typical bypass 
Under these con- 


bypass valv es 1s 


which it was opened 
valve flow check is shown in Fig. 17. 
ditions, the turbine load output remains relatively con 
stant and is not shown on this reproduction of the re- 
corder chart. In this particular case, the power plant 
is operating at 100 per cent power with rated primary 
steam flow, rated secondary steam flow, and with no 

The bypass 
valve is opened in 5 seconds, held open for 2'/2 sec, and 
then closed in The opening of the bypass valve 
causes a reduction in the reactor vessel pressure which 


flow through the bypass valve system. 
10 sec. 


reaches a maximum negative pressure swing of approxi 
mately 8 psi. The bypass flow obtained from this check 
which first appears as shown in the curve of the bypass 
flow, causes the pressure regulator to reduce the primary 
steam flow and thus maintain the reactor vessel pres 
sure. When the primary steam flow drops, the second 
ary steam flow is increased by the speed governor to 
maintain load upon the turbine. There is an overshoot 
of the reactor vessel pressure at approximately this time 
of the transient, reaching a magnitude of approximately 
10 psi above the nominal value. This causes the pres 
sure regulator to open the bypass valve to bring the 
pressure back t value. There 
cycles of oscillation of the primary steam drum pressure 
and the three steam flow valves until steady state con 
It should also be noticed that there 


nominal are several 


ditions are reached 
is a slight oscillation in the reactor power level. 

Since it was desirable to find what would be the best 
method of checking out the bypass valves with minimum 
disturbance on the a considerable number of 
runs were taken in which both the rate of opening and 
rate of closing the bypass valve were varied, as well as 
the length of time at which the valve was held open. 
Data were taken for three values of hold-open time of 
OG, 2" 
ing from 
of 50 sec for full opening time 
are plotted as shown in Fig. 18. 
the valve is opened quite rapidly, the primary driving 
function is the area under the curve, which is a measure 
of the total volume of withdrawn. It can be 
seen that the hold-open time is then quite important in 
determining the magnitude of the positive pressure error. 
As the rate of opening of the bypass valve is slowed 
down, the pressure loop is found able to follow the 
change in steam flow and to maintain the reactor vessel 
pressure. As the time of opening approaches 50 sec, 
the pressure error is somewhat less than 2 psi. From 
all considerations, it appears that an opening time of 
approximately 5 seconds falls in the region of the largest 
transient disturbance upon the system’s pressure loop. 


system, 


» sec, and 5 sec and for rates of valve openirg rang 
, see for full opening time down to a slow speed 
The results of this study 

In those cases in which 


steam 


Conclusions 
In the previous sections of this paper, the basic theory 
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18—Effect of by-pass valve checking procedure upon 
reactor vessel pressure transients 


of operation of the dual cycle boiling reactor power plant 
has been pointed out, along with examples of methods of 
its simulation upon the analog computer equipment and 
several specific examples of transient performances as 
indicated from the simulation. The primary results of 
the study indicate the general trends of performance to 
be expected for the system under the assumptions being 
made in the analysis. This study is not the final phase 
of the dynamic analysis of the particular nuclear power 
plant under consideration but, rather, is a step in the 
formulation of the under- 
standing of the basic problems involved in its perform- 


design characteristics and 


ance. This preliminary study points out several areas 
in which there is some question as to the assumptions 
made during the analysis of the system. In particular, 
two being investigated in further detail for 
inclusion in a more comprehensive simulation of the 
system. These include a more refined thermal 
model of the reactor vessel and primary steam drum 
system in which the effects of the hydrodynamic coupling 
between the two vessels are included. This system in- 
cludes the steam storage volumes in the dome of the 
reactor vessel and in the primary steam drum. These 
two storage volumes are coupled by a fairly long riser 


areas are 


areas 


containing a mixture of steam and water which has the 


peculiar characteristic of being a relatively dense medium 


and at the same time being quite compressible. The ef- 
ect of this coupled mass-spring system must be considered 
in the determination of the total power plant operation. 

Another area in which additional information is needed 
is in the improvement of the reactor-void fraction map 
within the reactor core. In addition, the representation 
may become quite complex and include the hydraulic 
effects of the changing of flow velocities within the core 
channels as a function of the accumulation of the steam 
void density. Moreover, it may be necessary to go toa 
nodal model of the reactor in which both time and space 
dimensions of neutron flux are considered, rather than 
the calculated lumped space-time relationship with an 
assumed time function thrown in to compensate for the 
assumptions made in the original simulation. 

The results of this study show the versatility of the 
analog computer technique in handling some of the ex- 
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tremely complex nonlinearities and product relationships 
which exist in large complex control systems. Although 
it would be feasible to program this problem for a digital 
type analysis, much more data appears obtainable in a 


more reasonable time by using the analog computer 


techniques. The results are presented in such a form 


that a good appreciation of the physical picture of the 
real time performance of the system is obtained. In 
addition, the analog computer simulation may be 
adapted to form the heart of a power plant simulator, in 
which the outputs are used to drive the various meters 
and instrumentation equipment. Such a power plant 
simulator can be used as an operator training device so 
that experience can be gained in the operating char- 
acteristics of the reactor power plant long before the 
actual components are put in operation. 
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Editor's Note: 


In our August issue we commented editorially, 
p. 33, “Mechanical Brains,’’ on a paper presented 
before the ASME in San Francisco, Calif., June 


9-13, by G. L. Way, Bechtel Corp., “Computer 


Applications in the Power Industry,’ Paper No. 


57-A-102, which we feel is a worthwhile reference 


addition to the above author’s bibliography. 
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Placing A Boiler Control System 
in Service 


By ROBERT W. HUNTER 


Copes-Vulcan Division, Blaw-Knox Company 


HE primary function of a boiler’s automatic control 
system is to regulate fuel rate, feedwater flow, and 
combustion air flow so that steam pressure remains 
constant while steam flow varies to meet load demands. 
These regulations must occur in smooth transitions 
which are balanced and compensated as to rate of change, 
and with associated component impulses. The secret 
of obtaining this smoothness of operation lies in making 
the proper inspections and adjustments as outlined in the 
taken during the start-up of 
Pennsylvania Electric Co. 


photograph 
Unit 5, Seward Station, 

his is a Combustion Engineering controlled circula 
tion boiler rated at 900,000 Ib per hour at 2200 psig and 
1055 F with reheat to 1005 F 
The control was furnished by Copes-Vulcan 
Division, Blaw-Knox Company, according to specifica 


sequence 


Fuel is pulverized coal 


system 


tions by Gilbert Associates, consulting engineers 
rhe first step, after all 
stalled, is to make a physical inspection to see that each 
device is mounted and connected properly. Check each 
power and control air line from instrument to operator 
remote 


control components are 1n 


From this point on, procedure is to provide (1 
manual operation, (2) panelboard meter indication and 
3) fully-automatic control once boiler operation has 


been stabilized. Some of the main steps are shown here 


Fig. 2—Again using the ‘‘sphyg’’ bulb, stroke each drive 
unit and valve. Then recheck the stroke from the control 
panel to assure full range adjustment. The system is now 
ready for remote-manual control when the boiler is lit off. 
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Fig. 1—A good instrument for testing against air line leaks 
is the sphygmomanometer, a device used by physicians to 
measure blood pressure. Apply pressure to each line until 
it is evident there are no leaks. After all lines are checked 
and purged, apply plant air pressure to the system and ad- 
just for correct supply to each component 


Fig. 3—Check factory calibration and alignment of each 
steam pressure, steam flow-air flow, boiler water level, etc. 
instrument, transmitter and receiver to make sure they 
agree with preliminary engineering data 
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Fig. 4—Check each controller for proper synchronization. 
Place temporary settings on the calibrated knobs of the con- 
trollers. These settings are established from previous ex- 
perience on similar installations. At Seward Station, iden- 
tical Bi-Act controllers and relays are used for all applica- 
tions to simplify maintenance procedures and minimize 
spare parts 





Fig. 6—In this plant the ‘‘C’’ pulverizer was the first to 


be placed in operation. All controls for it were bordered 
by black tape for the convenience of the operators. Furnace 
draft is next adjusted for automatic operation and cut into 
service. The mill circuit is then given preliminary adjust- 
ment and placed on automatic control. The same pro- 
cedure is followed with the remaining mills 
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Fig. 5—While thejboiler is being brought up to pressure, 
the desired drum water level is maintained by manual op- 
eration of the feedwater regulating valve from the auto- 
manual station. When water and steam flows are estab- 
lished, automatic feedwater control is immediately availa- 
ble. Feedwater regulator is a three-influence, instrument- 
actuated Copes Type 3-L. 





rs 


Fig. 7—The computing relay serving as the mill master 
controller is examined and adjusted, then placed in service. 
Circuit stability is checked for fully-automatic operation. 
After this complete check the combustion control operated 
on fully automatic from 100 down to 20 per cent load, and 
feedwater control down to about 5 per cent at which time 
the mills were shut down 
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REPUBLIC’S JOB 
at Kyger Creek: 


control five 1,400,000 Ib./hr. 
boilers — automatically 


Kyger Creek Power Plant of the Ohio Valley Electric 
Corp. is big—a million kw capacity at 7 lb. steam 
per kwhr. And its job, supplying the U.S. atomic 
program, is one of the most important in the world. 
Republic’s job: Control each of the five 1,400,000 
lb./hr. boilers automatically. 

Republic’s solution provides each boiler with a 
load-sensing combustion control, a follow-up pressure 
control, and an “Electronic Master”. In operation, a 
change in steam flow (load) is detected and initiates 
a proportional adjustment of air and fuel flow before 
the load change can change boiler pressure. Should 
pressure tend to drift up or down, the follow-up control 
detects it and modulates the fuel/air control signals 
accordingly. The “Electronic Master” integrates all 
measured data and master-loads the unit’s pneumatic 
power operators. It also provides adjustable automatic 
division of total fuel among the boiler’s 14 burners 
in the desired proportions, and permits manual 
operation. 

Perhaps your plant is smaller; perhaps it supplies 
process steam instead of feeding 200,000-kw turbines. 
Whatever the size or duty, Republic’s experience 
(30 years of it) can help you get maximum stability 
and efficiency from your major equipment. Always 
check plans with Republic; our engineers can save you 
trouble and expense throughout the life of your plant. 


REPUBLIC FLOW METERS CoO. 


A Subsidiary of Rockwell Manufacturing Company 
2240 Diversey Parkway ° Chicago 47, Illinois 
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LABORATORY ROTARY COAL SAMPLE DIVIDER 


—-_ 


“THERMIC™ 
DOUBLE CONE 
SAMPLER 


FEED 
HOPPER \ 


DRIVEN BY 
MOTOR 


ROTATING 
CONES 
“SYNTRON' 
VIBRATORY 
FEEDER 


SAMPLE 
CONTAINER 


Fig. 1.—Special device enables feeding coal from hopper to 
point above revolving cones so overflow coal can be caught in 
a ‘‘reject’’ hopper 


Current sampling methods, the authors 
state, exceed in accuracy the methods of 
reduction of sample to the quantity re- 


The fol- 


lowing report is the authors’ experience 


quired for laboratory analysis. 


in conducting tests. Recommendations 
are made to improve sample preparation 


accuracy. 


By R. L. CORYELL* and F. J. SCHWERD* 
Consolidated Edison Co. of N. Y., Inc. 


Improving the Accuracy of Coal 


Sample Preparation 


OR a number of years the authors have been meas 
uring the accuracy of coal sampling methods and 1in- 
stituting methods to improve accuracy.(1)' Current 

sampling methods exceed in accuracy the methods of 
reduction of sample to the quantity required for labora- 
It was realized that to offset poor pre 
cision in the sample preparation a larger number of 
sample increments would be required to insure results 
within ASTM tolerance. Hence improvement in the sam- 
ple preparation for analysis from an error variance of 0.12 
to 0.06 would permit taking one-third less increments 
for the gross sample of a 10 per cent ash coal, thus 
lizhtening this burden. Accordingly tests leading to the 
improvement of sample preparation accuracy have been 
instituted. 

The sample preparation accuracy tests to date have 
shown the largest errors were present in the riffling of 
the 4-mesh sample and division of the 20-mesh sample. 
Review of the work of others indicated that these 
errors could be minimized by use of a high speed mill 
and mechanical sample divider. 


tory analysis. 


High Speed Sample Mill 
Improvement of the standard three-stage preparation 


* Division Engineer and Assistant Engineer, Mechanical Engineering De 
partment 
Numbers in parenthes« 


refer to Bibliography at the end of the article 
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of coal samples has been investigated and the develop 
ment of high speed hammer mills has suggested a posi 
tive means of eliminating the 20-mesh sample division 
and the slow pulverization operations with ball mills. 
A Raymond $-inch Screen Mill was tested at the lab- 
oratory and subsequently placed in regular operation. 

This screen mill, operating at 3600 rpm, was found 
to produce considerable quantities of fine dust. To 
remove this dust a cyclone-type separator was installed 
on the discharge and has been found to be a satisfactory 
solution to the dust problem. The maximum quantity 
of sample handled by this mill was found to be approxt- 
mately 4 Ibs with satisfactory pulverization to 60-mesh 
size. It was also found desirable to precrush all samples 
to 20-mesh size in a Sturtevant grinder to insure no 
+60-mesh size material in the final product and to re 
duce the pulverizing time. 

The screen mill now operates on 20-mesh samples and 
gives a consistent product with no oversized material 
requiring ‘‘bucking down,” as had been the previous 
practice. However, it is regular practice to pass the 
product through a 60-mesh sieve to check the condition 
of the mill’s screen. Analysis of the dust from the mill 
discharge showed the same composition as the sample 
thus eliminating the dust separation as a possible source 
of bias. 

Tests also showed that this mill mixed the samples 


47 





thoroughly and consequently it was no longer necessary 
to mix the samples in a blending machine before removal 
of the final samples for analysis. 


‘“Thermic’’ Rotary Sample Divider 


rotary sample divider was developed 
in England where it was reported (2) to be giving very 
satisfactory coal sample “Thermic”’ unit 
was purchased during 1955 and delivered to the labora- 
In this device, shown in Fig. 1, the coal 


‘he “‘Thermic 
division. A 


tory for test 
sample is fed from a hopper located above the edge of 
double cones rotating about a vertical axis so that the 
coal falling off the cones may be collected in the ‘‘re- 
ject” hopper. The rotating cones are double slotted so 
that once in each half revolution the coal falling from 
the hopper passes through a slot into the sampling pipe 
below. In this manner two increments are taken every 
revolution; i.e., 120 increments per minute at 60 rpm 
rate. The width of the slots can be varied by adjusting 
one cone with respect to the other to give slot openings 
from */, inch to 9 inches, collecting, respectively, from 
two per cent to 50 per cent of the original sample. 

To insure a steady flow of the coal sample to the ‘‘Ther 
mic’’ cones at all times, it was found necessary to install 
a Syntron vibrator feeder between the hopper and the 
feed pipe above the cones. This feeder has eliminated 
all the clogging which had previously been experienced 
with wet 

Preliminary 
sample divider to 
per cent of sample retained and (2) ascertain the effect 


coal 
made on the ‘“Thermic 
(1) calibrate the slot openings with 


tests were 


of reducing the width of slot openings on the precision 
of the sample preparation hese tests showed the per 
cent retained to be proportional to the width of the slot 


as shown in Fig. 2 


openings 
By adjustment of the slot openings according to the 
samples of 15 to 30 lbs each were di- 


3 and 6 Ibs 


calibration data 
vided to give retained samples of | 
rhe following results were obtained 


lest Second Test 
Per Cent 
of 
Observed Through 
Variance put 


Observed 
Variance 
0.0405 
0.0107 
0.0190 


1'/: Ib retained sample 1.3 
} ib retained sample 0.0082 10.4 
6 Ib retained sample 0.0296 2 g 


These results indicate that the 3-lb sample gives the 
lowest observed variance and therefore represents the 
optimum size for the first stage of preparation. The 
higher variance obtained with the 6-lb retained sample 
is attributed to the additional riffling operation required 
to reduce the sample to 3 lbs for the milling operation. 


Two-Stage Sample Preparation Tests 


Having ascertained the effectiveness of the laboratory 
screen mill and the modified ‘““Thermic’’ rotary sample 
divider, it appeared desirable to test these units in 
an extensive program under typical plant conditions. 
The objectives of this program were to obtain the over- 
all precision of sample preparation under the following 
conditions: 


Primary crushing to 4 mesh size by either low 
speed (gyratory) or medium speed (hammer 
mill) crushers. 


rABLE I—SIEVE ANALYSIS 


Low Speed Crusher 
4 


Station Hammer Mill 
Samples 1,2,3,4 Sample 5 
Average Range Average Range 
11.0-14.0 4 1.0-3.3 
30.0-34.0 ? 9.6-15 5 
38 .0-41.3 
39.9-50.0 


cent on 4 mesh 12.5 
cent on 8 mesh 32.0 
cent on 20 mesh 27.5 27 .0-28.0 
cent through 20 mesh 28.0 25.0-31.0 


Division of 4-mesh sample to 3 lb. with a “Ther- 
mic’ sample divider. 
Pulverization to 60-mesh size in a high speed mill. 


Samples of incoming coal shipments were obtained 
during the period July-September, 1956, at the gen- 
erating station, and samples prepared in two stages 
Representative primary samples 
were collected in replicate and subjected to a series of 


of sample division. 
divisions. Primary crushing was accomplished in two 
ways, namely (1) by low speed Sturtevant crusher and 
(2) by medium speed American hammer mill. Details 
of the test program and equipment are in Table IV. 

As shown in Fig. 3 five initial samples of crushed 
coal (4 mesh) were divided to give 3-lb laboratory sam 
All these samples represented the same type of 
Thirty sets of these samples were processed in 
this manner and a statistical analysis made of the ash 
content determinations. 

Four of the initial samples were crushed in a low speed 
crusher (200 rpm) and one in the station hammer mill 
(1800 rpm). limited number of 
the crushed coal samples show in Table I. 

The average sizes (by weight) of the respective crushed 


ples. 


coal. 


Sieve analyses on a 


samples as determined by arithmetic probability curves 
were 0.084 inch for low speed crusher and 0.036 inch 
for the hammer mill. These curves (Fig. 4) confirm 
the findings of R. A. Mott (3). The much smaller av 


erage particle size,due to severe breakage in the medium 


CALIBRATION OF “THERMIC” ROTARY SAMPLE DIVIDER 
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———-THEORETICAL RESPONSE 
@ ACTUAL SAMPLES TESTED 


Fig. 2.—Device ir Fig. 1 can have the sampling slots of the 
cone varied in size. Above test indicates per cent of coal 
retained for sample to be proportional to the slot-opening 
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COAL SAMPLING TESTS 
TWO STAGE SAMPLE PREPARATION 


4 MESH COAL FROM CRUSHER 





90 LB 
SAMPLE 


= 


THERMIC 


15 LB 
SAMPLE 


5 LB 
SAMPLE 


a 


THERMIC 


3LB 3LB 








HAMMER MILL 


HAMMER 


4 MESH COAL 
FROM HAMMER MILL 





120 LB 
SAMPLE 


120 LB 
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= 


THERMIC 


3LB 3LB 


THERMIC 


6LB 6LB 
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3LB 3LB 


MILL HAMMER MILL 
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1A 1B 2A 26 38 








L3 


4A 4B 


Fig. 3.—Above path of sample flow shows five initial samples of crushed coal were divided to give eventual 3-lb samples 


speed hammer mills, would be expected to have a con- 
siderable effect on the sample preparation. 

A tabulation of the results of this series of sample prep- 
aration tests is included, Table IV. One “wild” or 
“rogue’’ result (marked with an asterisk in the tabula- 
tion) was found in the division of the 15-lb sample to 
3 Ib. On the basis of the other results of this division 
and the results of preliminary tests, so great a difference 
between pairs of analyses has a statistical probability 
of chance occurrence of less than one in a thousand. 
This result was therefore discarded in making the final 
calculation of variance given in Table IT. 

No bias was found in any of the divisions by the 
‘“Thermic.’’ However, there was statistical evidence 
of a bias in the final riffling of the 60-mesh coal (F1,29 = 
5.97). The actual magnitude of this bias is not signifi- 
cant for ordinary purposes, the probable systematic 
difference of the individual pulps from the actual average 


being only +0.02 per cent. However, the fact that such 


rABLE NO. II—SAMPLE PREPARATION TESTS 
Thermic 
Cone Slot 
Openings 

Stage of Preparation In 


Sample 
Division 
Per Cent 


Overall 

Variance Variance 

Selection and analysis of 60 
mesh pulp 

Division of 15 lb sample to 
3 Ib 

Division of 90 Ib sample to 
15 lb 

Division of 120 lb samples 
to 3 Ib 

Division of 120 1b sample to 
6 Ib, redivided to 3 Ib 
product of station ham 
met mill) 


0.0047 ). 0047 


0.0125 0.0172 
¢.0188 ).0360 
0.0455 0502 


0.0099 
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a systematic difference exists indicates that riffling is 
subject to bias, even with very finely divided coals. 
For high precision determinations or for very high 
variance coals a small rotary divider would be desirable. 

Table III compares the current two-stage sample prep- 
aration results with those of earlier three-stage tests. 
The maximum errors permitted by the ASTM standards 
are included for reference. 

These results show the two-stage sample preparation 
gives a better precision than any of the three-stage prep- 
arations. The comparatively large errors previously 
obtained precluded use of the ASTM special purpose 
specification with collection of four times the regular 
number of primary sample increments. With two- 
stage preparation the primary sampling requirements 
may be reduced considerably and still maintain the 
desired accuracy. 

The results of dividing 90-120 Ib samples with the 
‘“Thermic’’ unit, as shown in Table II, are particularly 


TABLE III—TWC-STAGE SAMPLE PREPARATION VS THREE 
STAGES 
Reproduc 
ibility 
Per Cent 
Stages sh 
of Orig 95 
Sample Sample Cases 
Prepa Weight, Content Out of 
ration Samples Lb Per Cent 100) 
30 15 8.0 tO. 26 
Con. Edison, 1954 3 16 9.0 +0. 48 
Con. Edison, 1953 3 30 10.4 £0.72 
Enos (4) 1954 é < : 12.5 £0.45 
ASTM Std. Sam 


Ash 


Tests 


Con. Edison, 1956 2 


pling +1 00 
ASTM Std. Sam 


pling &0. 80 





rABLE IV RESULTS OF TESTS OF rHERMIC ROTARY 
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interesting. These results show that even the poorly 
with 12.5 per cent on 4 mesh, give a 
Phe high (0.0099 


variance) obtained from the hammer mill product (2.4 


crushed samples 
passable precision very precision 
per cent on 4 mesh) indicates the importance of having 
the sample crushed as fine as possible at the first stage 

Che principal advantage of two-stage sample prepara 
the laboratory work 
the sampling handling procedures 


and two-stage preparation. For three 


tion, however, is reduction in 


rable V 


three-stage 


compares 
for 
stage preparation nine steps are required with the pos 
Two-stage preparation 


all 


sibility of errors in each step 
five 


rie 


only ind eliminates riffling in 


last 


requires 
the 


ste] Ss 
but 
ind Recommendations 


Conclusions 


Based on the results of these tests of two-stage sample 
preparation the following conclusions and recommenda 


tions are offered 


The high speed mull effectively pulverizes a 


RETAINED 
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PER CENT PASSING SIEVE 


Fig. 4.—Average size by weight of samples resulting from 


rotary crusher preparation for four examples ir contrast 
with one prepared by a hammer mil] 
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or 4-lb sample for division to a final sample. 
The rotary divides 
samples of 4-mesk coal to samples as small as 


sample divider effectively 


3 per cent of original 

Mixing of the final sample is not necessary when 
pulverized by high speed mill. 

When using the rotary sample divider and high 
speed mill the number of laboratory operations 
for sample preparation is halved 
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PROCEDURES 


COMPARISON OF rHREI 
COAL SAMPLE PREPARATION 


ABLE V 
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on with R.S.D 
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Three-Stage Prepara Two-Stage Prepara Tw 
tion, 15-30 Ib, 4 tion, 15-30 Ib, 4 t 
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otal Operations 
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Servomechanisms in Combustion 


By JOHN S. TYNDALL 


Electrical Engineer 


Part III of a Series 


Advantages and limitations of air as a control fluid in a servomechanism are 
listed and described. The transmissicn factors associated with pneurmatic 
signals are discussed, including the pressure range used and the speed of trans- 


mission. 


Typical oil-operated and air-operated servomechanisms for control- 


ling the heavy damper of a boiler stack are shown, together with the relative 


advantages and disadvantages of each type. 


The design problems for air-orer- 


ated power units are discussed, including high-inertia loads and damping. 


HE term 
mechanism whereby 


‘servosystem’’ refers to a 
a power-ampli 
fying device is regulated by the error or 
discrepancy between a controlled vari 
A servo 
mechanism in a continuous control sys- 
that is, a 
system in which the difference between 
the actual contro] point and the desired 
control point is the error signal, which 
continuously controls the mechanism. 
The military services 


able and the controlled point 


tem is a closed loop system 


have made re- 
markable accomplishments in the field 
Although 
the specifications and conditions with 


of ck sed loop servosyvstems 


which combustion engineers are con- 
cerned differ widely from those of mili 
tary engineers, the developments by the 
military are of great importance to com 
bustion engineers 

A servomechanism compares two 
quantities or conditions and develops an 


lrives the mechanism 


error signal that « 
rhe error signal and driving signal can 
be electrical, hydraulic, or pneumatic 
rhis paper discusses the factors associ 
ated with the use of 


that is, systen 


pneumatic sys 
tems which use air asa 


control fluid 
Adiantag Limitations 


rhe principal advantages of air as 
control fluid are 
1. Airisalow-cost, consumable, fire 
return piping 
2. For continuous signal transmis 
ly in 


proof fluid requiring n 
sion, multiple-loop sys 
moderate 
Compared with 
modulated electrical-signal systems, the 


especial 
tems, air is unexcelled for 
transmission distances 
receiving and transmitting servos are 
simple and inexpensive Chis advan 
tage is so well recognized that present 
day oil and electrical systems use air 
signal-transmission extensively) 

3. Air power units ordinarily have a 
lower ratio of inertia to peak thrust than 
geared electric drives 

1. Air power units have certain prac 
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tical advantages over oil units. These 
advantages are due to the fact that an 
elastic fluid is used for prime-mover 
power As power-cylinder 
work is done by fluid 
volumes, the mass flow of air is smaller 
than that of oil for the same volumes and 
pressure levels. 
are proportional to the square of the 
volume flow and the fluid density. 
Thus, high volume flows give much 
lower pressure drops for air, which has a 
than oil. This 
smaller lines, smaller relay systems, and 
smaller valve porting. Hydraulic ac 
cumulators are often uneconomical and 
cumbersome, and the hydraulic pump 
ing is continuous whether the power 
units are consuming fluid or not. Com 
pressed-air receivers, on the other hand 
are advantageous and practical 

Che principal limitations of air as a 
control fluid are: 

l rhe reliable 
weather-protected air supply requires a 
well-engineered compressed-air supply 
Indiscriminate use of ordinary plant air 
supplies has been a factor in past dis 
appointments. 

». For high-speed control applica 
especially where long lines are 


generation. 
pressures and 


Pressure drops in pipes 


lower density means 


necessity for a 


tions, 
involved, the capacitance characteristics 
of air transmission can be a limiting fac 
tor For systems 


such applications, 


operating at high pressure levels and 
having large air-handling capacities are 
required. Transmission lines must be 
terminated by devices of negligible 
volume. In certain cases, newly de 
veloped electro-pneumatic transmission 
links can replace excessive lengths of air 
line 

3. Air lacks the high inherent damp 
ing and lubrication characteristics of 
oil, This must be overcome, especially 
in the design of power units 


Transmission Characteristics 


Pressure Range—Combustion sys 
tems for transmission of pneumatic 
signals make use of numerous pres 
sure levels. The ISA (/nstrument 


Society of America) recommended 


standard of 3 
However, both higher and lower pres 


sure systems are in extensive use for 


15 psi is in wide use 


signal transmission. The highest pres 
sure-range in wide use is about 0-60 psi, 
the lowest in use is about 0.5 psi. In 
verted ranges, such as 60-0 psi, are also 
employed widely, 
ceiver devices an inverted direction © 
motion for increasing signal 
vantages of a biased transmission sys 
tem, such as 3-15 psi, result from the 
fact that the low end of the range is not 
How 


ever, the disadvantage of a biased sys 


principally to give re 


rhe ad 


at atmospheric pressure level 
tem is the more complicated system re 
quired for combining signals and han 
dling the bias pressure 

Speed of Transmission— Although an 
air transmission-line is analogous to a 
resistance-capacitance transmission 
element, the line has characteristics 


tow SYSTEM MIDPOINT PRESSURE 
PRESSURE 3-15 = 0-30 0-60 
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Fig-1— Time constant of a 0.25-in. pneumatic 
transmission line with two end volumes. 
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Fig. 2— Response of 100 feet of 0.25- 
in. (0.4) tubing as a function of 
line pressure. (From Iberall's Paper) 
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Fig. 3—Hydraulic boiler damper contro! 


which depend on the pressure level 
Air is like a spring whose 


with the 


stiffness’ 
Also, 


the flow and resistance characteristics 


increases pressure 


are linear over only limited intervals 
Thus the response characteristics of a 
line to a step variation in input depend 
on the magnitude and location of the 
Fig. | illustrates the 
constant (time for impulse to 


step variation 
time 
reach 63 per cent of its final value) for 
O.p cop 


per tubing with two end volumes. A 


various lengths of 0.25-1n 


0-15 psi step input was used 
Iberall' of the 
Standards, has remarkably 


\ recent paper by 
Bureau of 
analysis of 


improved the quantitative 


ur lines by using a frequency-response 
approach to the problem Chis paper 
solves the problem of expressing an au 
transmission-line as a graphic transfer 
function which is bounded by pressure 
i limited disturb 


was derived from 


level and valid over 
ance range. Fig 

Iberall’s paper to show the influence of 
transmission level on the design of con 
trols \ 100-ft length of gin. (1.D 
tubing was assumed to be terminated 
by a negligible volume \ sine-wave 
input of small amplitude about a mean 
pressure level is understood. The at 
tenuation and angular lag of the output 
pressure-wave are plotted against the 
lor frequen ies *of one 


mean pressure 


Attenuation Oscillatory Pressures in 
Instrument Lines,’ by Arthur S. Iberall, Journal 
i Re h he Natt ul Bu 1M ‘ Standard 
ol. 45. Tulw 19050 
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cycle per second and one cycle in ten 
It is evident that the use of 
transmission results in 


seconds 
high-pressure 
less attenuation and less angular lag 
that is, fast control around the control 
point 

The speed-of-response requirements 
of a servomechanism depend on the 
process response. Theoretically, a proc 
ess can be made to respond as fast as 
desired by the application of high 
energy at high rates to the process 
In practice, however, limitations always 
occur. For oil-fired 
steam-generator, rapid changes of boiler 
temperature can be produced only by 
fuel-firing rates which are destructive of 
the lining. Limitations on energy sup 
ply rates exist in every physical instal 


example, in an 


lation 

When it ts desired to drive a given 
higher rates by 
means of an automatic control-loop, the 


process at recovery 
attending increases of phase-angle lag 
in the process make it essential for con 
trol-circuit delays to be small 

rhe important subject of frequency 
response and speed of air-control devices 
is one with many ramifications. A 
great variety of these devices is avail 
able, including practically every kind of 
signal converter. Computing elements 
which perform algebraic and functional 
operations, including linear multiplica 
tion and division of signals, are available 
both as specialized components and as 
combination devices. (See section cov 
ering Pneumatic Relays.) Program and 
other types of input devices are avail 
able also. The application of these de 
vices in multiple-loop circuits ts rapidly 
gaining headway in industrial process 


control, and will be covered here 


Heavy-Damper Controls 


A typical oil-operated control for a 
boiler furnace-pressure, stack-damper is 
shown in Fig. 3. The block diagram of 
the system is shown in Fig. 5. The 
slide damper is a water-cooled steel and 
brick structure, with 
loose guiding. Such dampers can weigh 
about 4000 Ibs and have dimensions of 
6 xX 8 ft. A counterweight system 
ordinarily is employed to relieve the 
manually-operated winchof dead-weight 


which operates 


The power unit must be able to move 
the damper through its full 6-ft travel, 
although in practice full opening seldom 
is required. 

The oil-operated control system of 
Fig. 3 uses a double-reeved cylinder 
having a bore of 3 in. and a stroke of 24 
in. This cylinder is powered by a pro 
portional-speed oil controller and relay, 
with a capacity of 12 gpm, at 100 psi 

The cylinder displacement is about 
150 cu. in. At a maximum flow of 12 
gpm, or 2800 cu. in. per min., the mini 
mum time for full stroke is 25 sec 
Thus the maximum piston speed is 56 in 
per minute, which occurs at no load on 
the cylinder. The product of piston 
area and 100-lb oil pressure gives a peak 
thrust of 1250-lb force. This is the 
stalled thrust of the cylinder, or the 
zero-speed thrust characteristic 

The damper weight of 1000 Ibs usu 
balanced by an equivalent 
counterweight so that the inertial sys 


ally is 


tem consists of a mass of 2000 lb. The 
system is double reeved so that the 
2000-Ib mass during acceleration ap 
though an 
S000-Ib balanced mass were connected 


pears to the cylinder as 


directly to the rod 

Che controller is a proportional-speed 
regulator which establishes a rate of oil 
flow proportional to the difference be 
tween the furnace pressure and the 
egulator setting. The full range of 
operation is usually about 0.2-in. water 
rhe limiting control speed usually is 
established by the cylinder oil consump- 
tion. The oil cylinder requires full 
time pump operation, the oil being by 
passed when not used by the regulator 

Che air-operated counterpart of this 
hydraulic system is shown in Fig. 4 
Fig. 6 is the block diagram of the pneu 
system. This 
6-in. X 36-in 
The no-load traversing time is 10 sec 

[he boiler-pressure converter changes 


matic system uses a 


positioning air cylinder 


furnace pressure into an air-pressure 
signal between () and 30 psi. This sig 
nal is fed into a ratio totalizer regulator, 
the set point of which is adjusted pneu 
matically from the control panel. A 
proportional-plus-floating 
transmitted to the air servo, which has a 
type of rate action superimposed when 


resp mse 18 
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curves fora servo -pneumatic 
power cylinder with various loads. 


desirable The control sensitivity 1s 
better than 0.001-in 

rhe air contr 
as the comparable oil c 
tion. However, the air system uses 
more complicated than the 
Ihe faster response intro 
duces a major inertial problem, which 
oilsystem. Two 

a non-inflam 
ntrol fluid is used 


water 
1 is about twice as fast 


mtrol in opera 


ipparatus 
oil system 
was minor in the slower 
major benefits result 
mable and cheaper « 


1 


and (2) the control response during 


transients is improved 
Power Unit 


air cvlinders proved inade 


greatly. 


As early 
quate for handling heavy inertial loads 
which were combined with stickiness, it 
felt by that a power unit 
operated by 
poor cle vice [or 


was many 
fluid was inher 


work 


under an 


an elasti 
ently a heav\ 
Instability of a p 
load 
Big dampers build up fairly fast 
without When 
linder acts as though 

I the 


taken charge of by 
has 


wer unit 


inertial is an unpleasant experi 
ence 
oscillations 
this happens, the cy 
it had 


damper 


warning 


been 
The chugging’ 
been used to denote this situation 
Five years ago many thought that the 


term 


advantages of compressed-air systems 

high control speed and freedom from 
hydraulic-fluid troubles—were doomed 
the stability limitation. Further, 
frequent minor maintenance air 
cylinders was annoying even though it 
was realized that a single bad leak on a 
liquid system usually resulted in very 
expenditures 
However, it 
air-operated 


by 
on 


important maintenance 
and production losses 

can be today that 
power units are now well established in 
the industry. The inertial 
bility problem has 
relatively recent cylinder design and ap 
plication techniques 

The Inertia Problem 
of characteristic curves of a 5-in. x 


said 


load-sta 


been solved by 


Fig. 7 is a set 
10-in. positioning, air-operated, power 
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SPEED LIN. PER MIN] 


cylinder, using 100-psi air. Piston 
displacement and time are plotted for 
suddenly applied full-range positioning 
inputs to the cylinder, which is lifting 
weights the 
curves correspond to steady speed 
For this condition, the piston thrust 
is determined by the attached weight 
and the lever arm 

Fig. 8, which is plotted from the 
steady-speed data of Fig. 7, 
typical cylinder-thrust vs. speed charac 
teristic. The curve of useful 
power output is shown also in Fig. 8 


The linear sections of 


gives a 
horse 


As thrust increases, speed decreases 

A load with sufficiently high inertia 
instability of type of 
positioning servo—pneumatic, hydrau 
lic, or electric. The attachment of a 
proper oil-dashpot (viscous damper) to 
the output shaft restores stability 
Damping—The effect of the output 
damping of the dashpot is analyzed 
The resistance of the dashpot 
increases directly with the piston 
Thus the thrust applied to 
load is 


Can Cause any 


easily 


speed 
the 
cylinder 
sorbed by 


less at a given 
the amount 


dashpot. In other 


inertial 
speed by ab 
the 
words, the automatic decrease of thrust 
applied to the inertial load as piston 
speed increases accounts for the 
stabilizing factor 

The damping is controlled by the 
dashpot force-speed constant. This 
constant is adjustable by a needle valve 
in the dashpot. In practice, no dash 
pot is necessary because the same effect 
is obtained by cylinder design. 

As shown in Fig. 8, the speed-thrust 
characteristic of the cylinder displays 
the general damping characteristic of a 
constant-thrust device with a dashpot 
However, as the slope is a_ built-in 
characteristic of a particular cylinder 
design, it is not adjustable 

Assuming that the present 
limit of the air supply is 100 psi, the 
damping curve can be made more steep 
and the peak thrust can be increased by 
increasing the cylinder size, as shown in 
Fig. 9. Air cylinders in general have 


upper 


Fig. 8— Curves of thrust and horsepower plotted 


against speed. 











Fig-9—Thrust-speed char- 
acteristics of several air 
servos with 100-psi. air. 


cyl 
practical 


somewhat larger bores than oil 
inders. Nevertheless, the 
operating speeds are higher than for oil 

The ratio (N) of the damping actu 
ally present to that required for critical 
damping is a function of the dimension 
less parameter F/S X T/M, where F/S 
is the actual thrust-speed characteristic 
slope, 7 is the no-load cylinder travers 
ing time, and ./ is the inertial mass 

Air cylinders can be designed to have 
high-speed, inertial-load stability, and 
good characteristics with “‘sticky’’ loads 

Combustion engineers are now using 
pneumatic control apparatus where it 
meets the requirements of their par 
ticular field. Study of the principal 
limitations of the control fluid 
gives background to the extensive use of 
high-performance air-operated systems 
Without doubt, the continuing technical 
advance in this control field will be 
paralleled by advances in competitive 
systems. It is by this endless competi 
tive process that free industry assures 
itself of the leadership accruing to the 
wisdom of the open mind. 


air as 


Pneumatic Force Bru ge Re lay 
[ypical of the several precision-ty pe 
air relays recently developed for the 
control of servomechanism loops is the 
Sorteberg? Force Bridge shown in Fig 
10. This is a computing device. It 
can convert a transmitted signal from a 


square-root flow meter into a lineal sig 
nal, permitting the use of a flow receiver 
The 


design of the force bridge assures fric 


with an evenly-graduated chart 


tion-free operation by use of the feed 
back principle in a unique weighbeam 
and fulcrum The principal 
components are of plug-in construction, 


system. 


housed in a rugged, cast aluminum case 
The following are some of the operations 
of this unit for servo systems 

Fig. 10a 
converting a pneumatic signal from a 
flow transmitter into a 


Square root extraction in 


square rot it 


? Sold through Minneapolis-Honeywell Co 








Fig- 10~ Interior of Servo Force 
Bridge showing principal com - 
ponents of pneumatic circuit. 
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See “Operation”. 
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SQUARE AOOT FLOW 
TRANSMITTER 





— 


Fig-10a— Typical application of Pneumatic Force (Ser- 


vo) Br age The bridge converts a pneumatic 
signal into « near output, a square root extraction 
See Figs.10b through 10g for additional! applications 





—— J 
Fig b— The squaring function to obtain ratio con 
tre pf two flows where one is measured by a 

near flow meter, the other by a square root meter 
Force bridge supplies a squared signal to the flow 


ontro 


rHzaA. 
v's ~ 
FLOW 
TRANSMITTER 
AiR GAGE FOR 
RATIO SETTING 


—-——/ 


Fig 10c —Ratio setting function of Bridge. By 

means of a manually operated pressure req- 
uiator, an air signa! is used to vary the relation- 
ship between input and output pressures. The 
input signal is multiplied by signal from the req- 
vietor, and the product is the output 
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Fig 10d — Force bridge used to multiply two in- 
dependent pneumatic signals 


linear output so that the flow receiver 
can be equipped with an evenly-gradu 
ated chart or scale 

Fig. 10b. The squaring 
the force bridge is valuable 
tions such as the one shown schemati 
cally here, to obtain ratio control of two 
flows where one flow is measured by a 
linear flow meter and the other by a 
square root meter. To provide a suit 
able signal from the meter on the uncon 
trolled flow line, the transmitted signal 
is applied to the Sorteberg unit, which 
supplies a squared signal to the flow 


function of 
applica 


ratio controller 

Fig. 10c. The ratio-setting 
is illustrated here. By means of a 
manually operated pressure regulator, 
an air signal is used to vary the relation 
ship between input and output pres- 
sures. The input signal is multiplied 
by the signal from the regulator, and 
the product is the output, which, in this 
resets the index of the con 


function 


example, 
troller on Flow “‘B.’ 

Fig. 10d. The bridge can multipl 
two independent pneumatic signals 
shown in the diagram, schematically 

Fig. 1l0e. This illustration shows 
how the bridge can be used to divide 
signals [wo flow signals 
which 


pneumatic 
are transmitted to the unit 
divides one by the other and supplies a 
signal, representing the quotient, to a 
As an example of the use of 
a record of fuel-air 


recorder. 
this arrangement 
ratio of a combustion process can be ob 


wre a 


COMPRESSOR 
INLET 


PRESSURE 
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FORCE 
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TRANSMITTERS r = 
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Fig-1Oe —Division of pneumatic signals. Two flow 
signals are transmitted to bridge, which divides 
one by the other and provides a signa! repre- 
senting the quotient. A record of fuebair ratio 
of the combustion process is thus obtained 
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Fig. 10f— Multiplication and division by Servo 
Force Bridge. Supplies a flow signal with aline 
pressure and femperature compensation. Out- 

pul signal is equivalent to: 
Flow signal*Absolute pressure signal 
Absolute temperature signal. - 











Fig. 10f 
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(29399) 
Fig- !0g— Square root extraction with awe 
compensation Signal from the sq. root 


flow transmitter is at port 2. Output to the even- 
ly graduated flow receiver is from port 1 
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Fig. 1Oh—Schematic representation of weighbeam system) 
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W-B system 
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9 On LF components of Sorteberg Pneumatic Servomechomem 
Weighdeom > qeten includes tuicrums (loceted of 4), weighbeoms 
ané (3), nozzles (nozzle NL shown of 2), fulcrum roliers ond rotier 

guides of (5) ond (6), lood cells A,B,C and D, lock (6), air motor (7) 
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DIAGRAMMATIC LAYOUT OF TYPICAL SERVO BOILER CONTROL 


SINCLAIR REFINING COMPANY 


~ EAST CHICAGO REFINERY 


Fig. 1 —Electric, pneumatic, and hydraulic servomechanism applications 


tained by transmitting air flow and fuel 

flow signals to the relay 
Fig. 10f and Fig. 10g 

the drawing captions 
The basis of operation of the force 


are explained by 


bridge is aweighbeam system, schematic 
10h and consisting of 
two parallel weighbeams, WL and WR, 
with two fulcrum rollers, FL and FR 
rhe letters, A, B, C, and D represent 
perpendicular to the 


ally shown in Fig 


forces which are 
With the system in equi 
these forces 


weighbeams 
librium, the moments of 
around the fulcrums are represented by 


the following equations 


A x 


From the,second equation above, any 
one of the forces can be expressed as a 


function of the other three 


when C = A 
x Dwhen C =A 


Fulcrum rollers are positioned by an 
AM) in Fig. 10) to keep the 
system in equilibrium. As the principle 
of operation of the force bridge is rather 


air motor 


lengthy, we have provided Figs. 10] 
Use of 
the weighbeams in the unit results in 
the bridge nullbalance 
instrument, with its accuracy independ 
ent of the force 


and 10k as explanatory cuts. 
being a true 


re juired to position 
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the fulcrum rollers, and the use of feed 
back in the pneumatic balancing of the 
weighbeam system reduces frictional 
effects to a minimum 

‘Another type of air relay which is 
used in servosystems for amplification, 
addition, subtraction, and reverse load 
ing pressure is the Standatrol’ relay 
rhis interesting unit is shown in Fig. 12 

Figs. 13 and 14 illustrate the prin 
ciple of operation which is of para 


mount importance in a _ pneumatic 


servosystem. This principle is based 
on the admission or discharge of air 
from chamber D to balance the varia 
tions in air loading pressures which may 
be applied to chambers A, B, or C. An 
air supply, normally 35 psi, is connected 
to the inlet valve, and air pressures of 5 
to 25 psi are normally used in one or 
more of the chambers A, B, and C 

A series of springs and bellows exert 
forces, the amount of spring loading 
being dependent upon the application of 
in the loop system. When 
are used 


the relay 
applied to a servosystem, they 
for averaging, differential 
relaying, totalizing, reversing, doubling, 


accelerating, 


and halving 
In Fig 

elements that go to make up a pneumatic 

servo control system for a feedwater 


14 are shown three typical 


flow circuit. These are: (1) steam flow 
from the boiler, (2) feedwater flow to the 
boiler, and (3) water level in the drum 
These elements are all automatically 


controllable. The controlling means 


Bailey Meter Co. 


__ AUXILIARY SERVO-CONTAOL PANEL 
CO0O000000090 
i 
il 


SOMA NIAOTIINININD 


+ 


} 


MIOIIIS 


| ad 
ferEEE: 


in the loop are the force bridge (ampli 
fier), ratio air relay (error detecting 
water-level pneumatic transmitter (ref 
erence quantity), steam flow pneumatic 
transmitter (applied control), and the 
feedwater regulating valve (error cor 
recting device). The selector station 
acts as “‘command”’ or manual reference 
station 

The steam flow element ts sensitive to 
load demand changes, and immediately 
detects any changes required as to water 
flow to the boiler in order to maintain a 
constant level in the drum, The water 
level element is affected by ‘‘swell’’ o1 
‘shrinkage’ and lags somewhat in 
detecting the true water flow require 
ments at the time of a load change 
Consequently, the steam flow element 
gives the primary signal or initial adjust 
ment of the system The water flow 
element signal opposes that of the steam 
flow element in order to maintain a de 
sired ratio of water flow to steam flow 
his assures that the rate of flow of 
feedwater to the boiler is proportional to 
steam flow The water-level element 
readjusts the control system to main 
tain desired level by compensating for 
system characteristics which may oc>ur 
at any given boiler load, such as varia 
tions in rate of blowdown, vanable dif 
ferential pressures across the feedwater 
regulating valve, ete 


Control of a Two Phase 65-V att 
Servomotor 


Before combustion 
application in general, the tachometer 


and servo-control motor involved will 


discussing this 
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SPRING COVER 


SPRING GUIDE 


SPACERS 
ADJUSTMENT NUT 


THROTTLING VALVE 


CLAMP BOLT 


INLET VALVE 


Fig. 12 . 


] 


be examined Fig ws a linear d- 


tachometer used a dback device 


rhis 


closely 


signal vet 
speed, It 
continuous dutv ov in 


] 
i¢ 


unit provide 

proportional §t 
designed for 
ambient temperature range ot DD ¢ 
C to +55 deg C at 
rpm As a voltage 


ally connected to high resistance loads 


speeds up to 4000 
source, 1t 1s genei 
often to vacuum tube elements rhe 
commutator is built of com silver 

Fig. 17 shows the servo-control motor 
involved in the application. This unit 


is designed with a rotor of very low 
moment of inertia for rapid acceleration 
and deceleration, such as is encountered 
In addition, their 


sloping speed-torque characteristics per 


in servomechanisms 


mit wide application to systems requir 
This 
high 


ing adjustable or variable speed 
motor 
impedance control winding for direct 


is center-tapped at the 


connection to a push-pull amplifier out 
put, thus eliminating the weight, space 
and wiring ordinarily necessary with the 
usual coupling transformer. The mo 
ment of inertia is 0.58 oz.-1n.? 

[his servomechanism‘ was designed 
with a maximum output of 65 watts 
which needed for a combustion 
It should have the mini 
mum possible weight and the lowest 
with 


was 
application 
power consumption consistent 
reliability, long life 
quency response 
The 2-phase servomotor drive seemed 


and a 10-cycle fre 


best for this application (automatic con 


‘Consumers Power Company, Jackson, Michi 


gan 
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Air-type servo relay assembly 
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trol of coal feed, motor-rheostat from 
exhauster Hydraulic servomotors are 
too heavy for this low power output, and 
there was no hydraulic system avail 
able—the 
pneumatic and electric 

The motor used 
SS-ZP105-2217-1 servo-blower 
modified to fit this job. The apparent 
200-watt rating of the motor was also 
modified down for 65 watts of motive 


with only a 


combustion control being 


was a Diehl type 
motor 


30 per cent loss in 
Rated at 


power input at 


power 
115-v, at 2 amp 

stall 
condition is 115 watts per phase, and 
the maximum 1000 rpm 


Motor and its blower weigh 6 Ib 


efficiency 
per phase, the 


speed 1S 
Possible Method of Motor Control 


methods of con 
control 


Four 
pow eT 


Thyratrons. 
trolling the 
phase of the motor were considered 


into the 


[hyratrons were ruled out largely be 
ripple in the control signal 
operation and 
heater 


cause 
could 
partly 
power required at standby 

Vacuum Tube Amplifier. The 
wacuum tube circuit of Fig. 18 re 
quired relatively many, heavy trans 
formers, a relatively large volume to 
house the tubes, and a heater power of 
60 watts. The overall efficiency was 
50 per cent 

Simple Reactor Bridge. The simple 
reactor bridge-type magnetic amphi 
fier circuit of Fig. 19 was built and 
tested and found to give satisfactory 
motor control. When a d-c signal is 
placed on the tube grids to cause tube 


cause erratic 


because of the large 


Applied contro 


Fig. 1S—Pneumatic servosystem “loop” as applied to the control of boiler feedwater flow 
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Fig- 18—An electronic circuit for the contro! of the 65- 


V, to conduct, reactors / and 2 become 
saturated by the flow of plate current so 
that the motor control winding is effec 
tively connected across the a-c supply 
Reversing the polarity of the signal 
applied to the grids causes reactors 3 
and 4 to become saturated while reac 
tors 1 and 2 become a high impedance 
so that the control winding is connected 
in the opposite 


across the a-c suppl 


polarity, reversing the motor 

This simple circuit has a number of 
disadvantages. As in all simple reactor 
amplifiers, the average a-c 
turns on the reactor must equal the 
average d-c control ampere-turns. In 
the design that was tested 60 milli 


amperes were required in 22,000 turns 


ampere 


to obtain the desired 2 
rent. The 6AQ5 tubes which were used 
required a + or —25 v d-c signal on the 
grids. In this particular servo a d-c 
amplifier having the 
gain could not be fabricated with a con 
Considerable plate 
and filament power is required and the 
time delay is somewhat longer than for a 
self-saturating circuit The toroidal 
construct be 


amp motor cur 


required voltage 


venient tube lineup 


reactors are difficult to 
cause of the large number of control 
turns required 
Self-Saturating Bridge. The circuit 
finally chosen is the much-used?® self 
saturating circuit of Fig. 20. The 
total weight of the reactor unit, auto 
transformer, and rectifiers is 5.5 Ibs 
Because of the larger power gain of 
the self-saturating circuit, a control 
current of 6 1200 
turns is all that is required for full out- 
put. The 5744 subminiature control 
tubes required only plus-minus one volt 
on the grid. This circuit, in common 
with the simple reactor circuit, was un- 
affected by large amounts of ripple on 
the signal applied to the tube grid. 
One parallel self-saturating magnetic 
amplifier, sometimes called a ‘‘doubler,”’ 


milliamperes in 


is used for each direction of rotation. 
When amplifier 1 of Fig. 20 is saturated, 


Magnetic Amplifiers S. E. Tweedy, Ele 
tronic Engineering (London, England), Vol. 20 
March 1948, pages 84-8 
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watt, 2-phase servomotor unit 


the motor is effectively connected across 
one-half of the transformer. Amplifier 
2 then has high impedance and has a 
total voltage of one-half of the trans 
former plus the voltage across the motor 
Reversing the polarity of the signal 
applied to the tube grids reverses the 


previously discussed situation so that 


the current in the motor control wind 
ing changes phase 180 deg to cause 
motor to revolve in opposite direction. 

rhe linearity of the motor torque ver 
sus signal curve is improved if the bias 
is adjusted so that a circulating current 
of about 0.4 amp flows through the two 
amplifiers when the motor current is 
zero [his type of amplifier will give 
full output unless bias ampere-turns are 
applied to reduce the output. If the 
bias fails, both amplifiers have a low 
impedance, thus effectively short-cir 
cuiting the transformer. The current 
which flows can be many times the 
maximum motor current and may burn 
out the rectifiers or reactors. 

Design of the Amplifier 

On the basis of previous experience, it 
was estimated that the transformer 
voltage applied to each amplifier should 
be about 50 per cent greater than the 
voltage which was desired on the motor. 
This extra voltage is lost in resistance 
drop across the reactors and rectifiers, 
and permits the amplifiers to be operated 
in the linear area of the transfer charac 
teristic—that is, up to about S80 per 
cent of their maximum output. The 
transformer voltage was therefore made 
175 volts on each side of the center tap 

The reactors then should be designed 
for a transformer voltage of 175 plus the 
maximum motor voltage of 115 volts, 
or 290 volts. On a 400-cycle a-c sys 
tem having + or —5 per cent voltage 
and frequency regulation, the reactors 
would be designed for 305 v at 380 
cycles. 

If a magnetic amplifier is used for 
power control, as in this instance, the 
reactor may be described completely by 
specifying the voltage at which the 
power winding of the reactor saturates 
and the resistance of the power winding. 



































+a + Fined phase 


> Fig 19—Bridge circuit using saturable reactors for contro! of the 2—phase servomotor 


The best reactor design is that which 
has the lowest we’zht for a given power 
winding resistance. This assumes that 
a large control power is available so that 
the power gain need not be maximized 

A large number of reactors were de 
signed using cores made from ().5-in 
Hypernik V strip with various outside 
and inside diameters. From the results 
of these designs as plotted in Fig. 21, 
the design which gives the minimum 
reactor weight for a given power wind 
On the 
basis of about 14-v maximum resistive 


ing resistance can be selected 


voltage drop, a power winding resistance 
of 7 ohms is desired. In position servo 
mechanism service the reactor must be 
designed for large peak outputs. It was 
estimated that with a 7-ohm 
winding resistance the low 

power output would not heat the reac 
tors to their 50-deg C 
For this particular 

resistance a core having an inside diam 


powel 


average 


allowable rise 
power winding 
of 1.5-in. and a 0.5-in.-sq cross section 
is convenient because of its weight 
Since a magnetic amplifier shifts the 
phase of the voltage applied to the con 
trol field as well as changing its ampli 
tude, it was thought that the motor 
torque might be a non-linear function 
of the control voltage. Fig. 22 shows 








Fig 20—The self-saturating magnetic amplifier whch was se!- 
ected for controlling the serve-motor. 
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MEASURED COAL MEANS FUEL CONTROL 





Panel in side of s 


trols for Coal A 
protects against 


AUTOMATIC COAL SCALE 


saves you money through dependable, 
efficient, safe operation 


Latest in the series of Richardson Automatic Coal Scales, the H-39 is 
available in two sizes: a 200-pound model with an hourly capacity of up 
to 20 tons and a 500-pound model with an hourly capacity of up to 40 
tons. Here are some of the reasons why it is specified throughout the world 
by industries that demand outstanding quality and superior operation. 


@ Large 24’ x 24” inlet (standard for all models) so coal moves through 
freely. Coal never “arches” in an H-39 feeder or weighing hopper. 


® All contact platework of stainless steel. 

@ All parts of scale positively dust-sealed. 

® Allelectrical equipment totally enclosed and installed outside of dust- 
proof housing, so it is never in contact with coal dust at any time. 


Endless belts available. 
Feeder removable. 


For further information, write for bulletin 0352-A. 


Kichardson 


MATERIALS HANDLING BY WEIGHT SINCE ] MATERIALS HANOLING BY WEIGHT SINCE 1902 | & 4953 


RICHARDSON SCALE COMPANY, CLIFTON, NEW JERSEY 
Atlanta * Boston * Buffalo * Chicago * Cincinnati * Detroit * Houston * Memphis * Minneapolis 
New York * Omaha * Philadelphia * Pittsburgh * San Francisco * Wichita * Montreal 
Toronto * Havana * Mexico City * San Juan * Geneva, Switzerland * Nottingham, England 
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TOTAL REACTOR WEIGHT~—LB8S. 








POWER WINDING RES -OHMS 





Fig: 2|\— Reactor design curves. Total reactor weight 
includes weight of copper and iron 





TORQUE -0Z.-IN 





CONTROL FIELD VOLTS 


Fiq- 22— Stall characteristics of the motor with the 

magnetic amplifier supplying power to the con- 
trol field for various values of phase shift of the 
fined field of the 2-phase servomotor 





the magnitude of this effect. The 
curves were obtained by use of a variac 
The torque obtained with magnetx 
amplifier control is always somewhat 
less than that obtained with a variac 
because of distorted waveshape 

In over a year of servo testing there 
have been no failures of either the reac 
tors or the rectifiers. The motor-con 
trol amplifier is now considered to be a 
successful development and plans for 
three others are now being considered 
for coal-feed control 
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Abstracts From the Technical 
Press—Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, 
International Combustion, Ltd., London, W.C. 1) 


FUELS: SOURCES, PROPERTIES 


AND PREPARATION 


The Grinding of Coal in a Ring-Ball 
Mill. Joint Committee Fuel Re 
search Board and British Coal Utili 
sation Research Assn. J. Inst. Fuel 
1957, 30 (May) 269-76 

Following the tests described in the 
Interim Report (J. J) Fuel 1955, 28 
(Jan 30 further tests were carried 
out over an increased range of oper 
ation. The relationship between mill 
power and mill output passing 200 
mesh sieve times coal rate was shown 
to be dependent on plant setting and 
a broad scatter of experimental points 
was obtained with each coal The 
lower boundary of this scatter is al 
most linear and represents a line of 
maximum efficiency in each case 
rhe slopes of these boundaries can be 
taken as criteria of performance and 
show a relation with the Hardgrove 
Index. Information is also given on 
l Distribution of air pressure and 
2 Move 
Influ 
ence of air leaving the mill on mois 


temperature in the mill 
ment of grinding elements; 3. 
ture content of pulverised coal; 4. 
Effect of pressure of 
on performance coefficient and maxi 


grinding elements 
mum output of the mill 


Ball Mills and Ball Milling. Part II. 
r. G. Calleott. BCURA Monthly 
Bull. 1957, 21 (April) 153-71 

The review is continued with 
5. some theories of ball milling; 6 


pulverising coal 


The Practical Application of Coal 
Sample Theory. G. Woodhouse. / 
Inst. Fuel 1957, 30 (May) 249-62 
The variance f ash content of 
samples in which different constituents 
of a coal are included in a random 
manner is considered based on funda 
theoretical sta 
that sampling de 
unly on the grading of coal 


mental principl 

tistics. It is showr 
pends m 
and that average ash content and the 
manner of distribution of the ash be 
tween the various sizes plays only a 
secondar\ The variance of 
grading 1 l nsidered and a new 
I approxi 


yroposed. Simple 
estimation of theo 


formula | 
mations to the 
retical 


which may prove 


iriances re put forward 
useiul in practice 
Experimental determinations of sam 
pling and reduction variances should be 
compared with optimum values esti 
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mated theoretically to make use of the 
extensive work on coal sampling 
theory already available. 

A Method for the Measurement of 


Heat Generation in Powdered Coal. 
P.C. Newman. Brit. J. Appl. Phys 


CONS 


1957, 8 (Apr.) 162-7. 

A new method is proposed for meas 
uring the generation of heat in coal 
or other finely divided powders. This 
method depends only on the thermal 
constants of the material and not on 
the heat losses to the surroundings 
of the calorimeter. New solutions to 
the heat flow equation for heat gen 
eration in cylindrical and spherical 
bodies as required for calculating the 
results are presented, and experi 
mental confirmation of the suitability 
of the method is obtained During 
the course of the work an interestirg 
result is obtained on the critical siz¢s 


N FEATURES PLOS CONTROLLED QUALITY 


makee Your Choice of thie 


Deaerator 
a (Vise One indeed | 


etely assembled in our own API-ASME approved shop 
ated by our own skilled employees 

pervised by our own engineers 

highest quality materials 

al check-out of the assembled unit 


bulk shipment 


y, tray and combinations available 


steel internals 
to all loads 


u7,000,000 Ibs. per hr. capacities 


Automatic welding machine in L*A shop 


100,000 Ibs. per hr., 10 min. storage unit 
being loaded for delivery to eastern 
chemical manufacturer 


May we send you a copy of our new 


Deaerator booklet? 


Ask for Bulletin 102-A 


From your initial inquiry through 
the shipment of the completed 
deaerator, L*A Water Softener Co. 
takes complete responsibility. You 
are assured of the finest work- 
manship and control with constant 
inspection and supervision by our 
qualified engineers as fabrication 
and assembly proceed. Consistant 
top quality equipment is the result. 


You KNOW where your LX®A De- 
aerator is made! And this complete 
control from one source enables 
L*xA to deliver on schedule and 
ready for quick installation. 


Lx*A WATER SOFTENER COMPANY 
1007 Air Way, Glendale 1, California 


REPRESENTATIVES IN PRINCIPAL CITIES 


Demineralizers @ Hot Process Softeners @ Floc Treators @ Deaerators @ Zeolite Softeners @ Dealkalizers 





of systems which generate heat at a 
rate which 
temperature 


increases linearly with 


MECHANICAL HANDLING 


Coal Handling Plant Modernization. 
]. M. Beskine Mech. Handling 1957, 
44 (May) 264-71 

\ plant for unloading wagons, trans- 
porting and distributing the coal to 
the storage bunkers and unloading 
from these into lorries is described. 
rhe working of the whole plant is 
supervised from a single central cabin 
containing all controls rhe result 
of the new installation has been a 
very considerably speeding up of all 
enabling a larger 
handled than pre 


operations thus 
tonnage to be 
viously 


Hydraulic Transport of Slurries 
Through Pipelines. F. Pickert. For 
dern i“ Heben 1957 7 Vay), 200 4 
In German.) 

Various possibilities of pneumatic 
transport ol slurries are described 
installations 


operation 


especially twin-tank 


which allow continuous 
The depende nee of the efficiency of 
such systems on the pressure applied 
is discussed together with means of 
reducing flow resistance and simul 
taneously maintaining a stable slurry 
It is shown that by correct mixing of 


DEOXY-SOL 


SOLUTION OF HYDRAZINE 








e Oxygen- 


e Scavenger 
e for 
e Boiler Water 


e Treatment 


AIRMOUN 


CHEMICAL €O.. INC. 
136 Liberty St., New York 6, N. Y. 
Midwestern Representative: 

J. H. DeLamar & Son, inc. 


4529 No. Kedzie Avenue 
Chicago 25, Ill. 


Ask for pamphlet BW-5 

















various sizes of the solid and a correct 
solids to water ratio a minimum of 
pressure is required and an optimum 
efficiency can be obtained for given 
conditions. This would apply specially 
to the transport of coal and similar 
materials. Several examples of recent 
installations are illustrated 


Linear Induction Pumps for Liquid 
Metals. A. S. Fenemore. 
1957, 203 (May 17), 752-5 


Engineer 


STEAM GENERATION AND 
POWER PRODUCTION 


General 


Pressure Vessel Design. Anon 
Brit. Weld. J. 1957, 4 (May), 223-9 
rhe report of Commission XI, Sub 
Commission B Allowable Stresses, 
of the Intern. Inst. of Welding is pre 
This deals with: 1. Broad 
bases for determining design stress 
detailed 


sented 
2. the design process; 3 
evaluation of design stress: 4. low 
carbon steels at 20 and 350°C; 5. low 
alloy steels at 20 and 410°C; 6. maxi 
mum permissible stresses in other 
parts of a pressure vessel; 7. values 
of K for various parts of a pressure 
permissible out-of-round 
ness; 9. Appendices 


vessel; 8 


Acid Cleaning of Steam Generators. 


L. Astrand Mitt. V.G.B. No. 47 


1957, (Apr.) 101-7. (In German.) 
Recent Swedish practice of clean 
ing new and old boilers is described 
with special reference to inhibitors, 
corrosion during and after cleaning 
and the procedures to be followed. 


The Problem of Combined Insula- 
tion, Especially Pipe Insulation with 
Mineral Fibre Woods and Blankets. 
H. Seiffert and H. Wagner. Energie 
1957, 9 (Apr.) 130-6. (In German.) 
Equations have been developed for 
deciding whether the use of one or 
more insulating materials results in 
the lowest heat loss under given con 
ditions and total insulation thickness. 
[he application of these equations 1s 
illustrated by several examples 


You Can Control Piping Vibration. 
V. V. Cerami. Power 1957, 101 
Vay), 115-7 

The sources of vibration of pipe 
lines are discussed and methods of 
preventing or reducing vibrations 
described 


The Starting of Hydrogen Decar- 
bonising Plants. J. Schmidt. Mitt 
V.G.B. No. 47, 1957, (Apr.) 117-22 
(In German.) 

rhe main points to be considered 
and regenerating a 
plant are 


when starting 
hydrogen ion exchanger 


discussed 








“Sy rae 
‘ 


600 T. P. H. Coal Handling Installation at Astoria Station, 
Consolidated Edison Company of New York, Inc. 


—CONVEYING SYSTEMS FOR EVERY PURPOSE— 


SY-Co CORPORATION 


594 Industrial Ave. 
COlfax 1-1414 


Paramus, N. J. 
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2 CEM 


Magnesia offers excellent workability 
... from application to finished coat 


J-M 85% 


Install lasting fuel savings and lower maintenance costs 


... with J-M 85% Magnesia 


At temperatures to 600F, no insula- 
tion is so widely used, or so closely 
associated with economy and increased 
operating efficiency as 85% Magnesia. 
Any wonder, then, that 71% of insula- 
tion maintenance engineers respond- 
ing in a recent survey made 85% 
Magnesia their first choice in its tem- 
perature range. 

There’s good reason for this over- 
whelming acceptance. For J-M 85% 


JOHNS MANVILLE 


3) Johns-Manville INSULATIONS 


MATERIALS « 


COMBUSTION—September 1957 


Magnesia offers many practical ad- 
vantages in both installation and serv- 
ice. Lightweight and readily workable, 
85% Magnesia assures fast, easy appli- 
cation. In operation, it provides the 
ultimate in insulating value—long life 
—virtually no replacement—and the 
very minimum of maintenance. 

To assure you maximum value in 
insulation application, Johns-Manville 
offers you complete planning and job- 


ENGINEERING °¢ 


insulation! 


site service ... practical reeommenda- 
tions by the world’s most experienced 
insulation engineers, backed up by 
expert installation by J-M Insulation 
Contractors. 

Write today for further information 
on Johns-Manville 85% Magnesia 
Insulation. Address Johns- Manville, 
Box 14, New York 16, N. Y. In Canada: 
565 Lakeshore Road East, Port Credit, 
Ontario. 


FOR LASTING 
THERMAL EFFICIENCY 


APPLICATION 








GAS CLEANING NEWS 











Eastern Public Utility Installs 
Two More Koppers Electrostatic 


Precipitators to Remove Fly Ash 


Major Utility has installed 
8 Koppers Electrostatic Precipitators since 1947 


EARS of cost-saving, highly efficient per- 

formance preceded this latest installation of 
Koppers Electrostatic Precipitators. During these 
years, this leading Eastern public utility was able 
to judge Koppers by on-the-job operation—the 
most positive proof of performance. 


Proves Performance on the Job 

Ten years ago, this company purchased its first 
two Koppers Electrostatic Precipitators for fly ash 
removal. Satisfactory performance and low main- 
tenance costs justified the purchase of additional 
Koppers units that were installed in a total of 4 
stations. The eight units furnish highly effective, 
trouble-free operation in a varying range of CFM 
capacities. 


Supplies a Wide Range 

The eight Koppers Electrostatic Precipitators 
serve boilers ranging in capacity from 570,000 + /hr 
to 950,000 #+/hr. Guaranteed efficiency runs as 
high as 98%, depending on the need of each appli- 
cation. This ability to engineer for a wide range 
of capacities enables Koppers to satisfy the needs 
of each station. 


Meets Individual Plant Needs 

Koppers custom-designs each Electrostatic Pre- 
cipitator. Koppers units remove boiler fly ash be- 
fore the flue gas is discharged from the stack. In 
designing Electrostatic Precipitators, Koppers 
utilizes its knowledge of the characteristics of 
various coals, types of boilers and methods of firing. 


Backed by Know-How 
Koppers gas cleaning experience goes back 75 


62 


years. This experience is backed up by extensive 
research facilities at Verona, Pa., and Baltimore, 
Md. From this experience and research has come 
gas cleaning equipment for all sizes and types of 
plants. 


Get the most out of your gas cleaning dollar. Write 
KopPerRS ComMPANY, INC., Metal Products Divi- 
sion, Industrial Gas Cleaning Dept., 4409 Scott 
Street, Baltimore 3, Maryland. 


This cutaway photo of a Koppers Electrostatic Precipitator 
shows shell, vibrators, and collecting and discharge electrodes. 
The actual design and arrangement of elements vary widely 
because Koppers Electrostatic Precipitators are custom- 
engineered to fit the requirements of each installation. 
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The new Stock Equipment Co, 
Mode! 50 Coal Scale offers: 


ACCURATE, CONTINUOUS 
COAL WEIGHTS... 

WITHOUT 

FAIL! 


with little or no 
attention 


Day-in and day-out operation, twenty- 
four hours on end without interruption, 
is a necessity for modern central stations 
and industrial power plants. The demand 
is for equipment to handle higher ton- 
nages with less manpower —and Stock 
Equipment Co. is meeting that demand 
with a constructive design program that 
keeps its entire line up-to-date. 





For example: The new Model 50 Coal 

Scale handles higher tonnages easily 
with its 500# stainless steel weigh hopper, extra wide feed belt and 
unrestricted flow of coal 24” wide straight through the scale. Anti-friction 
bearings are used throughout. Even the feed belt is carried on closely 
spaced idlers with anti-friction bearings carefully arranged for pressure 
lubrication from one point on each side. 


Seventeen years of designing scales exclusively for power plant use make 
a S-E-Co. Scale the answer to your coal weighing problem. Write for help 
with your particular layout of Bunker to Pulverizer or Bunker to Stoker 


equipment to the address below. 


STOCK Equipment Company 
745-C HANNA BLDG. CLEVELAND 15, OHIO 


LE ALA ELIE TRIE TE AE ALLE TE EL LLL LL EE EE 
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quality proved 


a Of AN A 


Fig. 6031S-WE—600-Pound Steel Fig. 1793—Iron Body Bronze 
Globe Valve for Steam Service Mounted 0.S.& Y. Gate Valve 
Outside Screw Stem and Yoke for 125 Pounds W.S.P 


Fig. 19003—Powell Steel Pressure Fig. 2467—Small 300-Pound Stainless 


Seal Gate Valve for 900 Pounds W.S.P Steel 0.S.& Y. Gate Valve. For handling 
boiler feed water treating solutions 


meade with quality proved materials 


Consult your Powell Valve Distributor for full facts about quality proved bronze, iron, steel, and 


corrosion-resistant valves. For every flow control problem—there is a Powell Valve to solve it . . . better. 


THE WM. POWELL COMPANY, CINCINNAT! 22, on10... 111th VEAR 
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Salem Gas and Light Company, Salem, Mass., 
found a G-W Skip Hoist the ideal solution to the 
problem of conveying coal and coke to producer 
storage. The skip bucket keeps the producer-stor- 
age bin filled at all times . . . and does the job with 
maximum economy. 

Gifford-Wood Skip Hoists...one of many 
G-W systems of materials handling ... are low in 
initial cost...low in maintenance... long-lived 
...completely dependable. Public utility com- 
panies the country over are becoming increasingly 
interested in Skip Hoist handling of coke, coal and 
ashes where space is limited and both initial and 
operating costs must be kept at rock bottom. 


CLEVELAND 20 
3537 LEE ROAD 


NEW YORK 17 


420 LEXINGTON AVE. ® 


565 W. WASHINGTON ST. 


LOW COST 


DEPENDABLE 
) COAL HANDLING 
i + FOR PUBLIC UTILITIES 


yi ate 


This particular installation may not be the pers 
fect solution to your own particular problem. 
Gifford-Wood, however, has specialized in the 
design, engineering and installation of all types 
of materials handling systems for 136 years. To 
have a Gifford-Wood Materials Handling Engi- 
meer survey your present method of moving ma- 
terials, places you under no obligation and it may 
well be your first step toward lower operating 
costs and increased production. 


GieForo-Wooo Co. 


Since 1814 
HUDSON, NEW YORK 


ST. LOUIS 1 
RAILWAY EXCHANGE BLDG. 


CHICAGO 6 
a 


When You Think of Materials Handling — Think of Gifford-Wood 
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Combination Rubber Seat Butterfly Valves and Expan- 
sion Joints in condenser circulating water service at 
the Green Bay Plant, Wisconsin Public Service Corpo- 
ration. Engineers: Pioneer Service and Engineering Co. 


GREEN BAY...Combines Butterfly Valves 
with expansion joints for new economy 


Drop-tight shutoff, plus provision for pipeline 
expansion and ease of assembly are provided here 
in one compact Pratt unit. By combining the Butterfly Valve 
with the expansion joint, space requirements are minimized 
and maintenance (and initial cost) of one set of flanges and 
bolts is eliminated. This is a typical Henry Pratt engineering 
job—the mechanisms are the simplest available . . . for 
economy ond minimum maintenance, and they are carefully 
designed and built for peak efficiency and operating ease. 


Henry Pratt pioneered the use of Rubber Sect Butterfly 
Valves in power plants. Combined with permanently drop- 
tight shutoff, the inherent simplicity and compactness of this 


HENRY 


PRATT 


valve permitted a new concept of large-diameter valving 
by power plant engineers. 


Pratt Rubber Seat Butterfly Valves grew with the Power 
Industry for thirty years, and today are being installed in 
modern, nuclear power plants. For valve design—with 
imagination—see Henry Pratt. 


NEW! Latest, most accurate pressure 
drop and flow data, conversion tables, 
discussion of butterfly valve theory 
and application plus other technical 
information ... Write for ManualB-2D. 


Butterfly Valves 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 
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Unretouched photo of dissolved 
oxygen attack in steam conden- 
sate return lines. 


DEPOSIT OF NO RETURN 


The “growths” you see on the interior 
of this condensate return line are 
known as tubercles. Beneath each 
tubercle is a cavity or pit in the metal 
surface—the result of concentrated, 
localized attack by the corrosive 
water. Water containing dissolved 
oxygen has converted metal on the 
pipe’s interior to iron oxide, causing 
a buildup of corroded material. The 
velocity of the water flowing through 
the line is not sufficient to remove the 
tubercles, so they continue to grow 
larger and larger. 


Dearborn’s FILMEEN* prevents 


Illustrated Booklet gives all the facts on 


this corrosive attack by forming a 
continuous, monomolecular film on 
the interior surface of the pipe, pro- 
tecting it against both oxygen and 
carbon dioxide corrosion. FILMEEN 
provides a protective, non-wettable 
barrier between treated steam, or 
condensate, and metal pipe surfaces. 

FILMEEN is only one of many 
Dearborn water conditioning prod- 
ucts scientifically developed to con- 
trol specific corrosion problems. 
Others eliminate scale, sludge, carry- 
over, and similar difficulties. 


Power engineers in leading indus- 


trial and commercial plants place 
their confidence in Dearborn’s 70 
years of experience in water chemis- 
try. They have found the answer to 
the demand for complete plant pro- 
tection in Dearborn Supervisory 
Service—a properly balanced water 
conditioning program which com- 
bines quality products with correct, 
technically supervised control meth- 
ods and test procedures. 


Let a Dearborn Engineer survey 
your plant and recommend the type 
of water control program best suited 
to your requirements. 


*FILMEEN is the trade-mark of a corrosion-inhibiting compound 
patented and produced exclusively by Dearborn Chemical Company. 


Dearborn Water Conditioning Program. 


The coupon is for your convenience. 


Derarvbou 


U. S. Pat. No. RE 23614. 


Dearborn Chemical Company 


Merchandise Mart Plaza, Dept. COM, Chicago 54, III. 


Gentleman: 


Name 
Company 


Address 


...@ leader in water conditioning and 


corrosion control since 1887 
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Send my copy of Dearborn Water Conditioning Program, 
Have a Dearborn Water Treatment Engineer call. 


sbrindasseeucees Zone 





...- ANSWERING YOUR QUESTIONS ABOUT 


A pextor Number 1 for boilers 


HOW MUCH CLEANING IS NECESSARY 
BEFORE APEXIOR-COATING? 


A surface no cleaner than good operating 
practice demands is all the foundation 
Number 1 —the 
coating that ever after holds steel at 


needed for Apexior 


newly cleaned efficiency. 


HOW DOES THE DAMPNEY 
TEST KIT SERVE? 


By saving man-hours that might be ex- 
pended needlessly. A quick, three-step 
check tells when cleaning has delivered 
just-right surfaces, prepared neither less 


nor more than necessary. 


DOES THE APEXIOR-COATED BOILER 


STAY CLEAN IN SERVICE? 
Because Apexior discourages deposit 
formation and bonding, the coated boile: 
needs less cleaning, less often. Inspection 
is easier, too—for a sound Apexior 


surface reveals itself readily, assuring 


equally sound steel 2% mils beneath. 


DOES CHEMICAL CLEANING 
AFFECT APEXIOR? 


In no way. Rather, Apexior takes on the 
added function of preventing acid-metal 


] 


contact and the resultant attack, how- 


ever slight, that might occur. Those en 
n chemical cleaning report that 


gaged 


\pexior speeds the process by keeping 


deposits few and less tenacious. 


WHEN SHOULD A BOILER 
BE APEXIOR-COATED? 


lo seal water-contact surfaces perma- 


nently at highest efficiency and take them 


sately through the initial shake-down 
period, a new boiler should be Apexior- 
coated immediately after erection ; an op- 
erated boiler, immediately after cleaning. 


iS APEXIOR BOILER COATING DIFFICULT? 


Not at all. Apexior is brush applied — by 
hand to drums and flat areas; by air- 
driven tube turbine, brush-equipped, to 
tube interiors. Application is regularly 
made by plant crews with or without 


nitial Dampney supervision. 


HOW LONG DOES APEXIOR LAST? 

A conservative estimate: Five years be- 
fore retouching or renewal. Under ideal 
conditions: Ten to twelve . . . for 
Apexior’s primary function is preventive 
maintenance — its life, directly propor- 
tional to the work it has to do in sup- 


plementing good boiler practice. 


This message—one of a series — presents 
more reasons why Apextor Number 1, first 
used inside boilers in 1906, ts today manufac- 
tured in the United States and four foreign 
countries to meet world-wide demand for pro- 
fection of 

* botler tubes and drums 

* evaporators 

* deaerating and feedwater heaters 


* steam turbines 


MAINTENANCE FOR METAL 


HYDE PARK, BOSTON 36, MASSACHUSETTS 
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(A) GLANDS: Clearances between the gland and 
stuffing bex, and gland and stem, are such that the 
stem cannot be scored even if the gland is pulled 
down unevenly. 

(B) DEEP STUFFING BOXES: More than adequate in 
all sizes (2” to 24”) to assure tightness and maxi- 
mum packing life. 

(C) BONNETS AND BODIES: Engineered to exceed 
the requirements of all applicable codes and stan- 
dards. They are tough, durable, dependable. 

(D) INTEGRAL GUIDE RIB FACES IN BODY: 


Machined to insure accurate centering of the gate. 


(E) STURDY SEAT RINGS: Bottom-seated so that no 


Walworth Series 150 and 300 


CAST STEEL GATE VALVES 
OFFER YOU THESE FEATURES 


for ’round-the-plant service 


recess exists at the back of the ring to cause turbu- 
lence, erosion and pressure drop. 

(F) STREAMLINED PORTS: Permit unobstructed flow 
which results in minimum pressure drop and reduces 
the possibility of erosion. 

Walworth Cast Steel Gate Valves can be furnished 
with either flanged ends or butt welding ends. Roller 
bearing yokes are available on the larger sizes. On 
valves 4 inches and larger, by-passes can be furnished. 
Walworth Cast Steel Gate, Globe and Check Valves 
from Series 150 to 2500, are available. For Series 
600 and higher, we recommend Walworth Pressure 
Seal Cast Steel Valves. See your Walworth Distribu- 
tor or write to Walworth for complete information. 


WALWORTH 


60 East 42nd Street, New York 17, New York 








SUBSIDIARIES: [JJ ALLOY STEEL PRODUCTS CO. Coi#Rgu> CONOFLOW CORPORATION GROVE VALVE & REGULATOR CO. 


SOUTHWEST FABRICATING & WELDING CO., INC, M & H VALVE & FITTINGS CO. WALWORTH COMPANY OF CANADA, LTD. 
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-Direct-to-Drum Gage Assemblies- 


Custom Built by Reliance 























Any Pressure 
to 2500 Ibs. 














Rugged construction in expansion or “L” end 
types for highest safety and low maintenance 


Made to fit individual needs, Reliance direct- 
to-drum assemblies meet highest engineering 
and construction standards. Reliance all-welded 
gage assemblies have more than sufficient rug- 
gedness for severest conditions. Each unit is 
tested at well over 50% overload before it 
leaves the factory. 

In the expansion tube type, a sturdy tie-tube is 
welded to both gage valves for rigidity between 
boiler connections. Gage windows are Mica- 
protected flat glass (to 1500 Ibs.) or non-shat- 
tering Micasight — safest gage obtainable for 
the higher pressures. Valves — heavy duty 
forged steel, temperatures to 750°. Various 
combinations possible in other types, pressures 
900 to 2500 Ibs. Efficient illumination equip- 
ment available, including the powerful mer- 
cury lamp type. Write the factory or nearest 
Reliance Representative. 























BOILER. SAFETY ok 


teks’ 
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Introducing a 
unique concept 


of induced draft 
equipment design 






—— 


CLARAGE TYPE DN DYNACURVE FANS 


You'll find this new Clarage product has many advantages 
in store for you. For example: Minimum floor space and 
height requirements . . . Low first cost, installation cost, 
and operating cost ... High efficiency over a wide per- 
formance range... Fan wheel built with 36 aerodynamically 
curved blades and tapered rims . . . Exceptionally rugged 
construction fully equal to the most exacting assignments. 
Obtain full information on Type DN Dynacurve Fans. 
Write today for Catalog 905. CLARAGE FAN COMPANY, 
Kalamazoo, Michigan. 






...- dependable equipment for 


making air your servant 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, Ltd., 4285 Richelieu St., Montreal 


72 September 1957—-C OMBUSTION 



























IMPROVED CLEANING PATTERN 


another important feature of the 


New Cll. Series 300 IK 


The positively-controlled, close 
helical cleaning pattern assures 
optimum coverage of the heating 
surface. Return travel path is 
exactly intermediate to forward 
travel path... resulting in a 


positive nozzle sweep every inch. 





This is another of many rea- 
sons why the Diamond Series 
300 IK Blower does a better and 
more economical job of cleaning 
surfaces which require a long 
retracting blower. Other ad- 
vantages are listed at the bottom 
of the page. Ask the nearest 
Diamond office or write directly 
to Lancaster for Bulletin2111V 
which will tell you much more 
about the new Series 300 IK. 


LONG RETRACTING BLOWER 
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Nozzile-sweep-every-inch blowing pattern 
assures COMPLETE coverage 
of ALL surface EVERY time 


OTHER ADVANTAGES 
OF SERIES 300 IK BLOWERS 








e Backbone and Protective Cover 

e@ Front End Single-Motor Drive 

e Compact, Accessible Electric Power and 
Control Terminal Facilities 


e Improved Blower Nozzle 
DIA M o ND e Positive Gear Carriage Drive 
POWER e Poppet Valve with Adjustable Pressure 
Control 
> PECIALTY e Positive Mechanically Operated Valve 


e Single Point Outboard Suspension 


CORPORATI ° N e Oversize Lance (Step-Tapered for Extra 


LANCASTER, OHIO 


Diamond Specialty Limited ad 
Windsor, Ontario 


Long Travel) 
e Auxiliary Carriages for Extra Long Travel 
Designed for Quick, Easy Servicing 
7885 


No other blower gives you all these advantages. 





For Fly Ash Collection, here are 
3,370 REASONS WHY 


You're Years Ahead 
with MULTICLONE 


The tabulation sheet shown here is over 40 feet long, 
filled top to bottom with single-spaced typewriter list- 
ings as shown in the enlarged section above... 


Each typewritten line tabulates an installation of Multiclone 
equipment—an installation of from one to nine separate 
Multiclone units ! 

These installations have been made in all parts of the world, 
in plants operating under widely-varying load, atmospheric 
and fuel conditions! 


» They include installations on virtually every type of steam 


power plant (i.e. pulverized coal fuel boilers, spreader stoker 
boilers, chain grate boilers, underfeed stoker boilers, etc.) 


New Multiclone installations are being made every day, but at the 
time this tabulation was made there were 3,370 Multiclone units 
giving superior service to industry throughout the United States, 
Canada and other countries 


What does this mean to you? Simply this—when you 
select “Multiclone” you are getting equipment that has over a 
quarter-century of experience behind it...equipment backed by 
the industry’s greatest fund of “know-how” in modern small tube, 
high-efficiency cyclonic collection. Although this unequalled ex- 
perience is a part of every Multiclone installation, you pay noth- 


ing extra for this vital advantage! 


Send For Descriptive Literature on Multiclione Equipment! 


4 Western Precipitation Corporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
. and Equipment for the Process Industries 


Main Offices: 1072 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 


Chrysler Building, New York 17 + 1 North La Salle Street Building, Chicago 2 « Oliver Building, 
Pittsburgh 22 +* 3252 Peachtree Road N. E., Atlanta 5 * Hobart Building, San Francisco 4 


Ruildi Mant , 


MULTICL 4, Mechanical! ( 





Precipitation Company of Canada Ltd., D ion Square 
Representatives in all principal cities 





